Town of Hubbardston by Bosworth, Alexander Joseph & Campos, Sarah Danielle
Worcester Polytechnic Institute
Digital WPI
Major Qualifying Projects (All Years) Major Qualifying Projects
March 2017
Town of Hubbardston
Alexander Joseph Bosworth
Worcester Polytechnic Institute
Sarah Danielle Campos
Worcester Polytechnic Institute
Follow this and additional works at: https://digitalcommons.wpi.edu/mqp-all
This Unrestricted is brought to you for free and open access by the Major Qualifying Projects at Digital WPI. It has been accepted for inclusion in
Major Qualifying Projects (All Years) by an authorized administrator of Digital WPI. For more information, please contact digitalwpi@wpi.edu.
Repository Citation
Bosworth, A. J., & Campos, S. D. (2017). Town of Hubbardston. Retrieved from https://digitalcommons.wpi.edu/mqp-all/2379
  
Hubbardston Complete Streets Design 
 
 
A Proposal Submitted to the Faculty of Worcester Polytechnic Institute 
in partial fulfillment of the requirements for 
the Degree in Bachelor of Science 
in 
   Civil and Environmental Engineering  
                                                    By 
 
 
Alexander Bosworth 
 
 
Sarah Campos 
 
Sponsoring Organization: 
Town of Hubbardston, MA: 
 
Project Advisors: 
 
 
Professor Suzanne LePage, Advisor 
 
Date: 3/23/17  
 
This report represents work of WPI undergraduate students submitted to the faculty as evidence 
of a degree requirement. WPI routinely publishes these reports on its web site without editorial 
or peer review. For more information about the projects program at WPI, see 
http://www.wpi.edu/Academics/Projects. 
 
 
 i  
Abstract 
 
 The goal of this project was to provide recommendations for improving the town center 
of Hubbardston, Massachusetts. Through observations, data measurements, and consulting with 
outside engineering organizations, this project evaluated the current conditions within the town 
and recommended improvements. Improvements included revising sidewalk and parking 
accessibility to meet ADA regulations, enhancing lighting, and reorganizing school drop-off and 
pick-up zones. For each of these improvements, a variety of recommendations were proposed to 
town officials in collaboration with The Engineering Corp. 
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Capstone Design Statement 
 This project fulfills the capstone design requirement for the Bachelor of Science degree 
in the areas of Civil and Environmental Engineering at Worcester Polytechnic Institute. The 
requirements for capstone designs are set by the Accreditation Board for Engineering and 
Technology (ABET). The design must address economic, environmental, sustainability, 
constructability, ethical, social, health and safety, and political concerns. Working closely with a 
consulting firm and the Town of Hubbardston, this project developed design options for the 
reconstruction of Main Street in Hubbardston, with the consideration of the following factors: 
 
• Economic: The designs for lighting and school drop-off considered the general cost of 
materials, allowing for an overall cost estimate to be provided to the consulting firm. By 
presenting multiple design recommendations, this project proposed four separate cost 
estimates to improve the school zone. These designs allowed for the town to have a better 
idea of the economic impact of the overall improvements, while still having a choice between 
more and less economical options. 
 
• Environmental/Sustainability: The design recommendations considered the effects of light 
pollution within the Town of Hubbardston and also considered the impact of additional 
paving within the town center. This project also proposed LED lightbulbs for the street lights 
to lower the footprint of fossil fuels. In addition, the environmental impact of removing trees 
to pave new parking lots and roadways within the town center were also considered. The 
proposed design recommendations were an attempt to remove the fewest number of trees to 
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minimize the environmental impact of the construction.  
 
• Constructability: The primary goal of this project was to present design recommendations to 
the consulting firm and members of the Town Center Committee. The feasibility of these 
designs was critical for both organizations, so the constructability of each design had to be 
considered. Each design was proposed to be implemented practically, while still achieving 
the end goal of compliance with the Americans with Disabilities Act (ADA), and improved 
safety and walkability throughout the town center. With continuous and accessible sidewalks, 
more abundant lighting, on-street parking, and improved school drop-off and pick-up zones, 
the overall safety of the town center can be improved.   
 
• Ethical: A fundamental application for all engineers in the United States to follow is the 
American Society of Civil Engineers (ASCE) Code of Ethics. The ASCE Code of Ethics is a 
model that civil engineers should practice as follows: maintaining safety and welfare of the 
public, honesty, competence, professionalism, and professional development. The final 
recommendations presented for the completion of this project were suggested by attending 
town meetings and having input from residents within Hubbardston. The information 
provided are in the best interests of the town, while also following safe and rational 
engineering judgement principles.  
 
• Health and Safety: The final lighting and school drop-off designs considered safety and 
accessibility for the town’s residents. With continuous and well-lit sidewalks, the proposed 
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designs will provide safe paths of travel for all residents of the town.  
 
• Social: ADA-accessible sidewalks, lighting along the sidewalks, and additional on-street 
parking will allow residents to interact in a safer manner within the town center. Sidewalks 
and parking will be handicap accessible to cater to the needs of all residents. Current lighting 
on Main Street is opposed by some residents, as it hinders their sleep patterns. Residents 
preferred lights that would not shine into their homes at night, so this project considered 
shorter light posts.  
 
• Political: To ensure that the proposed designs were compliant, research into the town’s 
current by-laws was conducted. Additionally, lighting and school drop-off was recommended 
with assistance provided by the Town Center Committee (TCC). The TCC assisted by 
providing the town’s interests and desires for lighting and school drop-off, which were 
needed to be considered in this project.  
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Professional Engineering Licensure Statement 
 According to the National Society of Professional Engineers, “only a licensed engineer 
may sign and seal, and submit engineering plans and drawings to a public authority for approval, 
or seal engineer work for public and private clients”. Engineers often seek a Professional 
Engineering (PE) license to have better marketability for career growth and opportunity. 
However, obtaining a PE license requires a few major steps. The first step is passing the 
Fundamentals of Engineering (FE) exam, which tests prospective engineers on a range of topics 
taught in accredited colleges and universities in the United States. Although this test can be taken 
at any time in an engineer’s career, it is typically completed within the months following 
graduation. After passing the FE exam, the engineer is required to gain 4 years of professional 
experience in their field while working under a licensed professional engineer. This experience 
ensures that the engineer has gained knowledge with “real world” engineering situations, and can 
learn how to handle a variety of situations. Once the engineer has met the required years of 
experience, they are able to take the Principles of Practice and Engineering (PE) exam. Should 
the engineer pass this exam, they will obtain their PE license, and become a professional 
engineer.  
 Though the path to obtain a PE license is the same in all states, each state has different 
regulations to follow while obtaining a license. For example, in Massachusetts, an engineer 
attempting to get their PE license must provide 5 letters of recommendation, including one from 
a licensed PE. Before applying for licensure, an engineer should check their local state 
regulations to ensure they meet all criteria before taking the PE exam. 
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Authorship 
 
 This project was a collaborative effort between Alexander Bosworth and Sarah Campos. 
Alexander focused on sections with regards to sidewalks and school drop-off and pick-up. He 
performed background research on ADA compliance for sidewalks and parking. Sarah wrote 
sections with regards to lighting and parking, and performed research on obtaining data for 
lighting. Recommendations were written collaboratively, providing costs and different design 
option layouts.  
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Executive Summary 
 This project focused on street design for the Town of Hubbardston. Prior to this project, 
concerns were brought to the attention of the Town Center Committee by residents of 
Hubbardston through a survey. The survey revealed that residents had concerns for sidewalks, 
parking, lighting and school drop-off and pick-up, and wished to see future improvements. The 
sidewalk throughout the town is discontinuous and in poor condition, not complying with the 
American with Disabilities Act (ADA). Hubbardston also lacks street lighting and on-street 
parking. The main concern was with regards to traffic and safety issues along Route 68, which 
travels through the town center. Many facilities in the town center are located within a few 
hundred feet of Route 68, such as the library, community center, police station, post office and 
elementary school. The school is located directly adjacent to Route 68 with drop-off and pick-up 
occurring in front of the school. With vehicles dropping off and picking up children during 
morning and afternoon rush hour, traffic is congested within the town center. A schematic design 
for the main road was created by an engineering consulting firm, The Engineering Corp (TEC). 
Students from Worcester Polytechnic Institute focused on improvements including revising 
sidewalk and parking accessibility to meet the ADA regulations, enhancing lighting, and 
reorganizing school drop-off and pick-up zones. 
 The Town of Hubbardston is a rural town with a population of approximately 4,500 
residents and is located nearly 20 miles north of Worcester, MA (1). The section that was of 
concern is 0.4 miles long, beginning at the intersection of Main Street and Elm Street and ending 
at the intersection of Main Street and Williamsville Road along Route 68. Main Street is 
primarily used for vehicular traffic, however, fails to provide basic features such as sidewalks on 
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both sides of the road, adequate street lighting, and on-street public parking. To improve 
Hubbardston’s Main Street, implementing changes towards becoming a “complete streets” were 
recommended. “Complete streets” are designed with the intention of providing multiple uses 
other than as a connecting platform for vehicles to travel on, by implementing bicycle and 
walking paths as safe and viable ways of traveling. 
 Before collecting data, the preliminary task was to obtain an engineering consulting firm 
to assist in the schematic design for Main Street. A Request for Proposal (RFP) was created and 
publicly listed by the Town Administrator, resulting in the collaboration between TEC, 
Hubbardston’s Town Center Committee (TCC), and two students from Worcester Polytechnic 
Institute (WPI). Students from WPI contributed to the RFP by writing the “Project Background” 
and the introduction of the “Scope of Services.”  
 The first method for data collection was to analyze the sidewalk. The sidewalk was 
divided into individual sections for detailed analysis of ADA compliance. For ADA compliance, 
each section was observed for any cracking or uneven surfaces, and measured for its current 
slope. Lighting was analyzed by walking along Main Street during the day record the locations 
of light poles using a GPS on a mobile phone and Google Maps. The brightness of light was 
measured at night using a lux meter and recorded for analysis. For parking, a license plate 
parking survey was performed to evaluate the current conditions and determine whether more 
parking was needed. The study was done by comparing the maximum allowable capacity with 
the maximum occupancy in the parking lot. In addition to determining if additional parking was 
needed, ADA compliance for parking lots was also determined. Lastly, school drop-off and pick-
up in front of the school was observed by students from WPI. Observations were made with 
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regards to vehicles arriving and departing, and the traffic congestion that was created. All 
observations were recorded for later analysis to provide recommendations that would alleviate 
these problems. 
 After the collection of data, an analysis was performed and recommendations were 
presented. From the information that was collected, it was concluded that 2 of 18 sections of 
sidewalk did not comply with ADA regulations. This implied that sidewalk contained surface 
cracking or potholes, exceeded the allowable slope, or did not contain curb cuts in required 
locations. It was recommended that improvements be made in accordance with plans proposed 
by TEC. Of the 8 lights located along Main Street, only one is functioning, giving off 3 lumens 
at street level. Three different lighting options were provided, in which one option will be 
planned to be implemented in the best interest of the town. For the license plate parking study 
that was performed, the highest occupancy of the parking lot did not exceed 59%, indicating that 
an additional parking lot was not needed. However, it was still recommended that on-street 
parking be implemented as a way of providing additional parking spaces if needed. The proposed 
on-street parking is in accordance with plans proposed by TEC. Lastly, four school drop-off and 
pick-up options were provided, in which one option was recommended to be implemented. This 
project highlights improving sidewalk and parking accessibility to meet ADA regulations, 
enhancing lighting and reorganizing school drop-off and pick-up zones. 
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1.0 Introduction 
 
The Hubbardston Major Qualifying Project (MQP) focused on street design for the town of 
Hubbardston, Massachusetts. The main concern was with regards to traffic and safety issues along 
Route 68, which travels through the town center. Many facilities in the town center are located within 
a few hundred feet of Route 68, such as the library, community center, police station, post office and 
elementary school. Due to the layout, morning and afternoon rush hour create several safety concerns. 
For example, emergency vehicles needing to pass through the school zone are often impeded by 
traffic congestion and pedestrians crossing the road. Furthermore, much of the sidewalk along the 
road does not meet the Americans with Disabilities Act (ADA) requirements, creating safety concerns 
for pedestrians and bicyclists. In addition, the town center lacks street lights along Main Street which 
restricts visibility for both drivers and pedestrians. Lastly, parking is a concern because there is only 
one parking lot accessible to the public during business hours in the town center.  
Due to these concerns, the scope of this project includes a schematic design for improved 
sidewalks within ADA requirements, parking, and lighting for improved visibility in front of the 
elementary school which spans approximately 500 feet. The roadway will be designed for all modes 
of traffic, including passenger cars, heavy vehicles, bicyclists, and pedestrians. A consultant, The 
Engineering Corp. (TEC), was brought on by the Town of Hubbardston to create the schematic design 
for Main Street, addressing pavement, signage, drainage, landscaping and sidewalks. Students from 
Worcester Polytechnic Institute (WPI) focused on improving school drop-off and pick-up, sidewalk, 
parking and lighting redesign within the town center. 
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2.0 Background 
 
 This chapter discusses the challenges that Hubbardston faces and how the “complete streets” 
program was initiated in the United States to make walking and bicycling a viable way of transport. A 
town survey (Appendix C), was conducted within the community prior to this MQP to gather a public 
consensus on what issues were of main concern and to provide recommendations for improving the 
town center. Residents listed their concerns with sidewalks, lighting, parking, and school drop-off and 
pick-up being amongst the things residents would most like to improve upon.  
 
2.1 The Town of Hubbardston and Main Street 
 
 The Town of Hubbardston is a rural town with a population of approximately 4,500 residents 
and is located nearly 20 miles north of Worcester, MA (1). The portion of Hubbardston that was of 
concern is 0.4 miles long, beginning at the intersection of Main Street and Elm Street and ending at 
the intersection of Main Street and Williamsville Road along Route 68 (see Figure 2.1.1). The 
roadway is placed through the town center where many of the town's facilities are located. These 
include the elementary school, library, community center, police station, and post office.  
 Prior to this project, an online town survey was conducted by the Town Center Committee 
(TCC) of Hubbardston. The TCC was established in October of 2015 with nine members by the 
Hubbardston Board of Selectmen to enhance and rebuild the town center. Members of the TCC are 
Town Board representatives and local residents. The online survey was developed by the TCC, 
requesting feedback from residents about concerns, issues and areas for improvement. From the 
survey, residents currently describe the town center as being rundown, boring, sleepy and historic. In 
the future, they would like to describe the town center as picturesque, walkable, family friendly and 
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historic. The survey also revealed that residents want to improve safety and quality of their town 
center, and making the community more involved. 
 In addition to the survey, several members of the TCC are residents living on Main Street. The 
options for future lighting were discussed as current lighting is positioned too high, shining directly 
into residents’ homes. When providing lighting recommendations, the privacy of individuals is 
important and must be considered for the final design. 
 
 
 
 
Figure 2.1.1: Map of Section of Roadway for Redesign 
Source: Google Maps 
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Main Street is primarily used for vehicular traffic, however, fails to provide basic features such 
as sidewalks on both sides of the road, adequate street lighting, and on-street parking. During 
morning and evening peak hours, traffic congestion is a main issue. Located in front of the school on 
Main Street, traffic is congested from the vast number of vehicles and individuals present. This raises 
a concern for the safety of students commuting to and from school. In addition to the safety of 
students, the town lacks the presence of a walkable and continuous sidewalk. On one side of the 
street, the sidewalk has an uneven surface with large surface cracking as seen in Figure 2.1.2 
 
Figure 2.1.2: Sidewalk Along Main Street 
 
Furthermore, the lack of street lights compromises the safety of pedestrians walking along the 
sidewalk and crossing the streets, thus discourages them from walking at night. Lastly, the town of 
Hubbardston is concerned about its limited number of parking spaces. With the road’s current 
conditions, on-street parking is not used due to the limited space available for vehicles in the multi-use 
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lane. This lane acts as a “pull-off” lane for cars to temporarily move off the main road and not disrupt 
traffic, like a breakdown lane. In terms of off-street parking, there are three lots available to the town 
during off-work hours. However, during work hours, two of the three lots are restricted for school use. 
Therefore, parking is only available in one lot, located in the town center next to the library (see 
Figure 2.2.2). The town of Hubbardston is aware of these issues and seeks to make changes to 
improve accessibility, safety, and mobility within its town center. 
 
 
Figure 2.1.3: Town Parking Lot Located Next to Library 
Source: Google Maps 
 
 
2.2 Complete Streets 
  “Complete streets” are simply defined as streets for everyone. They are designed with the 
intention of providing multiple uses other than as a connecting platform for vehicles to travel on. 
Since many streets were originally designed only for cars and trucks, they often provide little 
convenience to alternative modes of transportation like bicycles or walking. The idea of having roads 
 6  
that considered the need for use by cyclists and pedestrians have been around on a more local basis 
since the 1970s; advocacy groups labeled it as “routine accommodation” (8). As time progressed, the 
“routine accommodation” concept moved towards a federal level, and policies such as the Americans 
with Disabilities Act (ADA), and the Transportation Equity Act of the 21st Century (TEA-21) were 
created (8). The TEA-21 was a large bill set to make many changes, including improvements to safety 
and protecting the environment (15). This bill made bicycle and walking paths a safe and viable way 
of travelling, bringing more rights to pedestrians and implementing new standards to share the road 
with everyone. As traffic volumes are expected to increase in future years, this will only lead to more 
congestion and higher safety concerns for pedestrians.  
 In Hubbardston, many people live in surrounding areas outside of the center of town. They 
have limited options for accessing the amenities provided within the town center as the roads do not 
provide a safe and accessible way of travel other than by vehicle. “Complete streets” are designed to 
incorporate walkability along sidewalks in compliance with ADA regulations and standards, bike 
paths beside the road, provide visibility at night, and offer available parking for easy access. By 
incorporating these components of a “complete street”, safety is not only improved, but social 
interaction and activity within the community is encouraged.  
 
2.2.1 Sidewalks 
 A properly designed sidewalk should be continuous with minimal breakpoints or obstructions; 
this includes sudden breakages in the pathway, dead ends, or buildings obstructing the walkway. To 
allow equal accessibility for everyone, sidewalks must comply with specific ADA requirements. For 
example, in the United States, the minimum required width for sidewalks must not be less than 48 
inches, excluding curb stone (3). This ensures safe accessibility to mobility-limited people, such as 
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people who use wheelchairs or elderly people, by providing enough space for people to pass each 
other while traveling in either direction. Sidewalks in poor condition will often be continuous for a 
certain distance and then abruptly stop. Another aspect for evaluation the condition of the sidewalk 
will include measuring the running slope and cross slope of the sidewalk. The running slope is 
measured parallel to the direction of travel, while the cross slope is measured perpendicular to the 
direction of travel. To comply with ADA regulations, slopes are restricted to ensure easy accessibility 
for everyone. The maximum allowable running slope must not exceed 5% and cross slope must not 
exceed 2% (3). 
Curb cuts are ramps that are graded down from the surface of a sidewalk to the surface of a 
road. This allows for mobility limited people, such as those in wheelchairs and elderly people, to 
easily cross streets; this also accommodates people traveling with baby strollers or carts. Much like 
sidewalks, curb cuts must also comply with ADA regulations. For example, curb cuts must be level 
to a sidewalk or walkway that is of at least 48 inches in width and does not exceed the maximum 
allowable cross slope of 2% (2). Curb cuts must not exceed the maximum allowable running slope of 
8.3% or 10% along the flared-sides (2). The running slope and flare-sides for an ADA-compliant 
curb cut may be seen in Figure 2.2.1.  Not only are curb cuts required for sidewalks and walkways, 
but for all obstructions along a path, including islands and road dividers (2). 
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Figure 2.2.1: Curb Cut Running Slope and Flared-sides 
 
 Evaluations for ADA compliancy of curb cuts must occur on both sides of the road to ensure 
consistency. If a curb cut is present on one side of a crosswalk, but not present on the other, then it is 
noncompliant with ADA regulations. Data collection of these elements should include using mapping 
the sidewalks and recording the areas of concern using GPS in a field audit (11). Tools that should be 
used include a rolatape to measure length of the sidewalk, clinometer to measure slope, and measuring 
tape to measure protruding objects or obstructions (17). 
 
2.2.2 Parking 
 Parking should be provided for all businesses, recreational facilities, and other public centers. 
The use of parking spaces, on-and-off-street, not only reduces congestion and prevents illegal parking, 
but it also encourages people to utilize the amenities provided within a town center. For people that 
live beyond walking distance or passing through the town center and wish to walk around, available 
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parking is crucial. Parking is provided in different configurations such as parking lots, garages, or 
stalls located along the main road. As there are ADA requirements for sidewalks, there are also ADA 
requirements for parking spaces that must be met. For example, ADA parking regulations require a 
60-inch access aisle next to ADA parking spaces for cars. In addition, there must be sign and ground-
level markings, and must not exceed a 1:50 or 2% slope in all directions around the aisle (4). For vans, 
ADA regulations require signage and ground-level markings, 1:50 or 2% slope in all directions around 
the aisle, and a 98-inch access aisle (see Table 2.3.1) (4). Both types of accessible parking spaces must 
also have the shortest route of travel to a destination. ADA requires the route of travel to be at least 3-
feet wide, having no stairs or curbs, be slip-resistant, and stable. The maximum slope of the route of 
travel must be 1:12 or 8.3% (4). 
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Figure 2.2.2: ADA Standards for Accessible Parking Design 
Source: ADA.gov. United States Department of Justice Civil Rights Division 
 
Therefore, when evaluating the adequacy of parking, the total number of parking spaces must 
be counted and the minimum number of accessible parking spaces should be determined. This will be 
a guideline to determine if a parking lot is ADA compliant. In addition, a parking audit should take 
place to determine if the parking lot is adequate for the daily volume of vehicles it receives; in other 
words, does the supply exceed the demand? If there are more parking spaces available than needed, 
then there is no need to expand for an additional parking lot. However, if the number of cars needed to 
park exceed the availability of the lot, then additional parking is needed.  
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2.2.3 Street Lighting 
 Street lights are used to enhance visibility for pedestrians at night, and to make them visible to 
drivers, especially if the pedestrian wishes to cross the road. While street lighting may appear to be a 
common appearance throughout many cities, there are smaller communities that lack the full potential 
usage of street lights. In the town of Hubbardston, street lighting is very limited. This raises a concern 
as pedestrians walking along the main road are not visible to drivers on Route 68 at night. With a lack 
of available lighting along Main Street, people will be discouraged from walking at night, restricting 
mobility around the town center. In addition to pedestrian safety, it was found that street lighting at 
night can decrease the occurrence of vehicular accidents. According to a study about street lighting, it 
was found that rural roads that provide street lighting reduce the amount of nighttime injury crashes 
by 50%. In urban and suburban roads, it was found that lighting can reduce vehicular crashes by 30% 
and pedestrian crashes by 45% (12).  
 With residents living along Main Street, providing safety for pedestrians at night is a top 
priority while also considering the personal privacy of Main Street residence. For this reason, it will 
be necessary to provide alternative lighting options with reduced radiance. Analyzing lighting in a 
community involves mapping out the location of each street light within the area. Other information 
that should be gathered includes the type of lamp, wattage, and height of pole (14). Data collection of 
these features is done by observing the type of lamp, using a lux meter to determine the amount of 
light falling on the roadway. Subsequently, a cost analysis comparing current lighting to other types of 
lighting options is needed. 
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2.3 Funding Resources 
 To implement the enhancements for Main Street, funding must be provided. Funding programs 
are available to provide grants as states and governmental organizations recognize the importance and 
value “complete streets” and improvements to infrastructure provide to the public.  
 
Massachusetts Department of Transportation Complete Street Funding Program 
 State transportation divisions such as the Massachusetts Department of Transportation 
(MassDOT), provide a funding program specifically aimed for the development of “complete streets.” 
In 2014, the “MassDOT Complete Street Funding Program” was created with the purpose of 
rewarding municipalities that show commitment in the practice of implementing the “complete 
streets” principles (7). In the first two years of the program, $12.5 million was allocated by MassDOT, 
with future funding to proceed, depending on the availability of funds and the program’s success. 
Municipalities that participate in the funding program will be awarded accordingly: 
1) “Funding for technical assistance to analyze their community needs and develop a Complete 
Streets Prioritization Plan, and” 
2) “Funding for construction of Complete Streets infrastructure programs” 
 To be eligible for consideration, municipalities must meet certain requirements which the 
“Complete Streets Funding Program” has divided into three Program Tiers. 
• Tier 1 - training and complete streets policy development; this indicates that a municipality has 
demonstrated its commitment towards the “complete streets” principles.  
• Tier 2 – complete streets prioritization and plan development; municipalities must create a 
ranking system of funding priorities, which will align with local plans by considering 
“complete street” needs, safety, or network gaps.  
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• Tier 3 – project approval and notice to proceed; at Tier 3, municipalities identify projects for 
funding from its ranking system. MassDOT will determine which projects will be funded and 
the approved municipality will enter a contract with MassDOT. Up to $50,000 will be awarded 
per selected municipality for “technical assistance,” which is for analyses in support of a 
“Complete Streets Prioritization Plan.” $400,000 will be awarded per selected municipality for 
“construction funding,” which may only be used for construction and not design (7). 
 
MassWorks Infrastructure Program 
 The MassWorks Infrastructure Program was created to support economic development and job 
creation for municipalities and other public entities (10). It includes several formerly separate funding 
programs, including the Small Town Road Assistance Program (STRAP), which provided funding to 
improve public safety and enhance development in municipalities with less than 7,000 residents. The 
MassWorks Infrastructure Program provides municipalities with a “one-stop shop” for public 
infrastructure funding. In 2014, 105 applications were submitted to MassWorks with $241 million in 
requests (9). A total of 31 infrastructure grants were given, at a total of $66.8 million. An example of a 
town rehabilitation program is the Town of Burlington. The town received MassWorks grants totaling 
$4.5 million to enhance road reconstruction, traffic signalization, pedestrian crosswalks and sidewalk 
paving (9). Other grants have been awarded throughout the state of Massachusetts. 
 
Transportation Improvement Program 
 The Transportation Improvement Program (TIP) identifies future transportation improvement 
projects in the state of Massachusetts. The TIP is regulated by the Federal Highway Administration 
(FHWA) and Federal Transit Administration (FTA) (16). Funding through the TIP is distributed by a 
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Metropolitan Planning Organization (MPO) depending on the region. Hubbardston is located within 
the Montachusett region, therefore eligible to receive funding from the Montachusett Metropolitan 
Planning Organization (MMPO). “Complete streets” redesign, and bicycle and pedestrian connections 
are projects eligible for the TIP, making it a relevant source for project funding. 
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3.0 Methodology 
 
        The goal for this project was to provide a recommendation for improving the town center of 
Hubbardston, Massachusetts. The objective was to supplement the creation of schematic designs 
provided by TEC. The MQP designs incorporated an improved school drop-off and pick-up zone, 
continuous and accessible sidewalks, street lights that provide ambient lighting, and available parking 
for public use within the town center. Data was collected for sidewalk continuity and accessibility, 
lighting brightness, and parking. The initial plan was to improve current conditions of safety and 
accessibility, and to transition Main Street towards being a “complete street.” The planning and 
execution of this project was assisted by members of the Hubbardston Town Center Committee 
(TCC). The TCC and students from WPI met every third Thursday of the month to discuss progress of 
the project. The project objective was completed using the methods discussed in this chapter. 
 
3.1 Request for Proposal 
 Before collecting data, the preliminary task was to obtain an engineering consulting firm to assist in the 
schematic design for Main Street. To obtain a consultant, a Request for Proposal (RFP) was created and 
publicly listed by the Town Administrator. An RFP is a document which describes the scope of a project for a 
general overview to other firms. Any interested engineering firms could review the RFP for specific details of 
the project, and submit their proposals. Students from WPI contributed to the RFP by writing the “Project 
Background” and the introduction of the “Scope of Services.” After all proposals were placed within a time 
frame of approximately six weeks, members of the TCC voted on one consulting firm to assist with the 
schematic design of Main Street (the RFP may be seen in Appendix D). 
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3.2 Sidewalk Continuity and Accessibility 
         When designing a sidewalk, it is important to consider accessibility. For sidewalks, it must be 
accessible by everyone, including mobility-limited persons in wheelchairs or the visually impaired. 
For a sidewalk to be accessible, it must be level, made of one material, have curb cuts or ramps at all 
intersections and crosswalks, be continuous (meaning no obstructions along the pathway), and must 
not exceed the maximum allowable slope to meet the Americans with Disabilities Act (ADA) 
regulations. To comply with ADA regulations, the running slope should not exceed 5% and cross 
slope should not exceed 2% (3). If any of these requirements are not met, then the walkway is not 
considered accessible. Observations and measurement data were collected to see if current conditions 
met these design criteria and were ADA-compliant. On Main Street, the walkway is provided on both 
sides of the road, however, it ends abruptly halfway down Main Street on the eastern side of the road. 
Data for this MQP was collected on both sides of the road.  
 The initial method for analyzing the walkway was to walk along the sidewalk on Main Street 
from the intersection of Elm Street, up north to the Evangelical Congregational Church at intersection 
of Williamsville Road and Gardner Road. Observations of the sidewalk show cracks, potholes, gaps, 
loose gravel, uneven surfaces, and combinations of asphalt and concrete throughout most the 
sidewalk. The conditions for the sidewalks were assumed to be inaccessible and needed to be 
analyzed further through dividing the walkways on both sides of Main Street into study sections. New 
study sections were made wherever there was a change in pavement material or conditions; each 
section was recorded using GPS on a mobile phone and Google Maps. An example of the start and 
end points indicating sections can be seen in Figure 3.2.1 
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Figure 3.2.1: Section 1 Along the Sidewalk 
Source: Google Maps 
 
 
 For each of the sections, a total of 18, the lengths were measured using a rolatape.  Photos 
were taken to show the physical conditions of the pavement, and the width of buffer zones were taken 
at the starting and finishing points. Buffer zones are the space between the road and the sidewalk, 
normally a patch of grass or trees, which provide an additional safety element for pedestrians (Figure 
3.2.2). By using this method, it was easier to identify which sections of sidewalk may be considered 
accessible and inaccessible, and where improvements were needed. 
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Figure 3.2.2: Buffer Zone 
 
 The second method for analyzing the sidewalks included measuring the running and cross 
slopes with a digital inclinometer. A digital inclinometer is a device that measures the angles of slope 
when placed on the ground.  Although some sections of the sidewalk were physically in good 
condition without any surface cracking or obstructions, its slope may have not been compliant with 
ADA requirements. For a sidewalk to comply with ADA regulations, the running slope must not 
exceed 5% or a ratio of 1:20. This means that for every vertical change of 1 foot, the minimum 
horizontal distance needs to be at least 20 feet. A shorter distance will result in a slope greater than 
5%. Similarly, the cross slope of the pavement must not exceed 2%. Using a rolatape, measurements 
of the running and cross slopes were recorded approximately every 100 feet as seen in Figure 3.2.2  
 19  
 
Figure 3.2.3: Slope measurement points 1 through 4 
Source: Google Maps 
 
 The last method for analyzing the sidewalk also included the use of a digital inclinometer. For 
sidewalks to be accessible, they must also have curb cuts present at all intersections, crosswalks, and 
obstructions such as dividers and islands. The first step was to record the locations where all curb cuts 
were required; the locations were recorded using a GPS and shown on Google Maps. At locations 
where curb cuts were present, the running slopes and flared-side slopes were measured using a digital 
inclinometer. The running slope locations where curb cuts were not present were recorded as not 
complying with ADA regulations. 
 
3.3 Lighting 
 Ambient lighting is essential for a “complete street”. It is important for the use of pedestrians 
at night for visibility of the walkway and for safety from vehicles. While no minimum level of 
brightness is required by law for pedestrian safety, some level of lighting is often desired. Data was 
collected using a lux meter to measure brightness in terms of lumens, and a GPS to mark the locations 
of each light post located along Main Street. 
 The initial method for analyzing lighting was to walk along Main Street during the day and 
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record the locations of light poles using a GPS on a mobile phone and Google Maps. The locations of 
each light post were marked using Google Maps; each light post was given a sequential number for 
reference. The next method involved collecting data during the evening when the lights were 
illuminated. At 8:30 PM, a vehicle was used to drive from end to end to see which lights were on. For 
lights that were on and functioning, the lux meter was placed directly underneath the light bulb at 
ground level. The results were recorded in terms of lumens and later analyzed by comparing its 
brightness with similar style lighting 
 
 
Figure 3.3.1: Example of Lux Meter 
Source: Han-Kwang Nienhuys 
 
 
3.4 Parking 
 
 Parking is often a necessity in small towns since people may live more than a mile away from 
their town center, usually the heart of local communities. As discussed earlier, Hubbardston’s survey 
about the town reveled that residents felt they lacked parking in the town. Therefore, a study was done 
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to compare the maximum allowable capacity with the maximum occupancy in the parking lot. Parking 
studies are performed to evaluate current parking availability and compare it to the perceived need. A 
license plate parking survey was performed to evaluate the current conditions and determine whether 
more parking was needed.  
 To begin, the Town Administrator of Hubbardston was contacted to verify which parking lots 
along Main Street were available for public use. After determining which spaces were public, the 
parking stalls in the downtown lot were mapped out and labeled with a reference number. An example 
is provided in Figure 4.3.1. Parking Lots 2 and 3 may be seen in Appendix B. The numbering was 
arbitrary and was meant for purposes to record data. Not included in this Figure are parking spaces 
reserved for the police station parking stalls as they are restricted for public use. The yellow 
highlighted portion represents “Employee Only” spaces during business hours from 8:00 AM to 5:00 
PM. 
 Next, by sitting in the parking lot on four separate days, the last 3 digits of each license plate 
were recorded every 30 minutes during the duration of the data collection period. The license plates 
were recorded in a spreadsheet using a laptop. The four audits were performed on different days: the 
first on Wednesday December 7, 2016 from 2:15 PM to 4:15 PM; second on Thursday December 8, 
2016 from 10:50 AM to 12:15 PM; third on Friday December 9, 2016 from 8:20 AM to 11:50 AM; 
and final audit on Sunday December 11, 2016 10:50 AM to 11:50 AM. An example of the spreadsheet 
for data recording is shown in Table 3.4.1 (see Appendix B for all tabulations). 
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Table 3.4.1: License Plate Survey Example 
 
Study Date   12/8/2016 
From 10:50 AM  To 11:50 AM 
 Time 
Space Number 0 30 60 
1       
2       
3 300 300   
4 ZY5 ZY5   
5       
 
 In Table 3.4.1 above, the study date was on 12/8/2016 from 10:50 AM to 11:50 AM. The time 
“0” refers to when data collection began. Times “30” and “60” refer to 30 minutes and 60 minutes 
after time 0. The “Space Number” refers to the stall numbers displayed in Figure 3.4.1. Data was 
recorded during the week on a Wednesday, Thursday, Friday, and on a Sunday to get a complete 
understanding of the parking situation. An average of two hours was needed to complete each study. 
The data was analyzed to see what the maximum occupancy was during peak hours and then 
compared this result to the maximum allowable capacity of parking spaces. This would determine if 
adequate parking is provided by the parking lot. 
 In addition, measurements of the lengths and widths of the stalls were taken, including the 
handicapped parking space to ensure compliance with ADA regulations with a tape measure. Finally, 
the width of the multi-use lane along Main Street was measured to confirm if it was wide enough for a 
standard size vehicle to park, or if additional space would be needed. 
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3.5 School Drop-off and Pick-up 
 
 To have a better understanding of traffic conditions during school drop-off and pick-up times, 
students from WPI stood outside Hubbardston Center School to record observations once in the 
morning, around eight o’clock when students would begin arriving, and once in the afternoon, around 
three o’clock when students would begin leaving. The students stood along the sidewalk where drop-
off and pick-up occurs, making observations as cars pulled up and pulled out in front of the school, 
and across the street. In addition, general traffic congestion was observed during this rush period as 
cars pulled in and out in front of the school on to the main road. Alternative options for safer and 
easier drop-off and pick-up were later analyzed for cost, safety, and practicality, using a decision 
matrix, and recommended to the TCC for possible future implementation. A decision matrix is a list 
with rows and columns that allows for systematic analysis to show the most desirable outcome. 
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4.0 Results 
 
 The goal of this project was to provide the town of Hubbardston with recommendations to 
improve walkability, visibility at night, and parking. This chapter presents the results of the research 
and findings which were used to recommend changes for the Town.  
 
4.1 Request for Proposals 
 
 After the six-week period for bids to be placed, a total of four engineering firms submitted a 
proposal: Lawrence Gordon Designs, Tighe & Bond, The Engineering Corp. (TEC), and BSC Group. 
Members of the TCC and students from WPI reviewed the proposals for two weeks before an official 
meeting was held to choose a firm. The Engineering Corp. was selected unanimously by members of 
the TCC. The RFP that was publicly listed can be seen in Appendix D. The following includes 
portions of the RFP that were written by students from WPI.  
The project consists of the following: 
Providing engineering services to prepare a schematic design for the reconstruction of Route 68 from 
Brigham Street to Williamsville Road in Hubbardston, Massachusetts (hereby referred to as 'the 
Town') with the possibility of extending sidewalks to the existing recreation field and site of a future 
Senior Center. The schematic design will include roadway, sidewalk, lighting, and parking 
improvements. In addition, there will be assistance from university students at Worcester Polytechnic 
Institute (WPI). 
Project Background 
Within the Town, many facilities such as the library, community center, police station, post office and 
elementary school are placed within a few hundred feet of each other. Due to their layout, morning 
and evening rush hour creates many safety concerns; for instance, emergency vehicles needing to pass 
through the school zone are often blocked by traffic congestion and pedestrians crossing the road. In 
addition, there are safety concerns for pedestrians and bicyclists as sidewalks are discontinuous and in 
poor condition. Bicyclists are forced to ride along the road without properly marked bike lanes. 
Furthermore, much of the sidewalk along the road does not meet proper Americans with Disabilities 
Act (ADA) requirements and a lack of street lights along Main Street restricts visibility for both 
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drivers and pedestrians. It will also be important to consider specifying improvements to on-street 
parking and the configuration of the municipal lot. 
Scope of Services 
The scope of this project shall include a schematic design for the reconstruction of the roadway 
addressing pavement, drainage, curb cuts, signage and lighting in accordance with ADA requirements. 
In addition, the roadway will be designed for use by all modes of traffic, including passenger cars, 
heavy vehicles, bicyclists, and pedestrians. The consultant(s) will be asked to provide a cost analysis 
of all elements of the schematic design as well as provide oversight and inclusion of the students from 
WPI. 
 
4.2 Sidewalk Accessibility 
 
 Results for the data collection of each sidewalk section are shown in Table 4.2.1. The sidewalk 
must comply with ADA regulations by meeting certain requirements. To comply with these 
regulations, sidewalks must have a minimum width of 4 feet and be made of one type material. The 
walkway must be continuous without any obstructions, potholes, or surface cracking. The running 
slope of the sidewalk must not exceed 5% and the cross slope must not exceed 2%. Curb cuts must be 
present at all intersections, road dividers or islands, and crosswalks. The running slope of the curb cut 
and slope of flared sides must also be measured; the running slope must not exceed 8.3 % and the 
flared sides must not exceed 10%. An example of sidewalk that is compliant with ADA regulations 
can be seen in Figure 4.2.1. The sidewalk is 4 feet wide, continuous, made of one material, and the 
running and cross slopes do not exceed the maximum allowable slope. An example of sidewalk that 
does not comply with ADA regulations can be seen in Figure 4.2.2. This section of sidewalk does 
meet the minimum 4-foot width, however, fails to meet the requirements of having a level surface 
without cracking or potholes.  
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Figure 4.2.1: Example of ADA Compliant Sidewalk 
 
 
 
 
 
 
Figure 4.2.2: Example of ADA Noncompliant Sidewalk 
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Table 4.2.1: Sidewalk Results and ADA Compliance 
  
1 1 0.1
2 0.9 1.5
3 2.7 1.0
2 97 4
Continuous pavement without cracking or 
potholes
5ft - 6ft 4 3.0 0.9 Yes
3 76 4 Cracking; potholes; gaps 6ft - 6.5ft 5 2.8 0.8 No
4 210 4 Not elevated from road; cracking and gaps 0ft 6 0.8 0.2 No
7 0.1 4.5
8 2.3 1.0
9 0.3 0.2
10 2.2 3.9
7 101 4
Comprised of asphalt and concrete; surface 
cracking; gaps
6ft - 7ft 11 1.7 1.5 No
12 0.6 1.6
13 0.4 1.8
14 0.8 0.1
9 126 4
Comprised of asphalt and concrete; cracking; 
potholes
7ft 15 1.6 0.3 No
10 144 4 Comprised of asphalt and concrete; cracking 5ft - 7ft 16 1.4 1.4 No
11 119 4 Minor cracking; gaps 5ft - 7.5ft 17 2.4 0.1 No
18 2.4 0.1
19 1.0 0.6
20 1.0 0.6
21 1.1 1.1
14 78 - Loose gravel; uneven surface 0ft 22 1.9 1.9 No
15 382 4 No walkway; comprised of grass 0ft - - - No
23 0.3 1.8
24 3.0 1.2
17 70 - Private parking spaces; minimal cracking 0ft - - - No
25 0.3 0.7
26 2.3 0.7
27 3.7 2.6
28 2.8 2.6
29 2.9 3.5
ADA Compliant 
(Yes/No)
Slope 
Section
Running 
Slope 
(%)
Section
Length 
(ft.)
Width 
(ft.)
1 200 4 5ft - 7ft
Physical Characteristics
Buffer Zone 
(ft.)
4 Surface cracking; potholes 6ft
Cross 
Slope 
(%)
Longitudinal and laditudinal cracking; 
potholes
No
No
No
8 233 4 Cracking; vegetation growth through gaps 6ft - 7ft No
5 102 4 Potholes; loose gravel; cracking 6ft - 7ft
6 229
No
12 145 4
Continuous pavement without cracking or 
potholes
7.5ft Yes
13 257 4
Comprised of asphalt and concrete; cracking; 
pot; gaps
7.5ft - 10ft
No
16 132 3 Surface cracking; loose gravel 8ft No
18 400 4 Cracking; potholes; uneven surfaces 4.5ft - 8ft
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4.3 Parking 
 
 Hubbardston currently has three parking lots that are accessible for public use within the town 
center and no on-street parking. The main parking lot, Parking Lot 1, is located in front of the police 
station and adjacent to the library. This parking lot contains 44 parking stalls, including one ADA 
accessible stall (see Figure 4.3.1). Parking Lot 2 is located behind the Hubbardston elementary school 
and has 59 stalls which include two accessible stalls. This parking lot is restricted to school faculty 
and staff during school hours, but is otherwise open during non-business hours (see Figure 4.3.3). 
Parking Lot 3 has 10 parking stalls including one accessible parking stall (see Figure 4.3.4). This lot is 
located adjacent to Parking Lot 2 and is also restricted to school faculty and staff during business 
hours.  
 As discussed in the Background (see “Hubbardston Town Center Survey” in Appendix C), 
many residents of the town did not feel as though there was adequate parking in the town center. To 
determine whether the current parking availabilities were meeting the town’s needs, a license plate 
parking survey was performed. Data was tabulated and analyzed in terms of turnover, occupancy, and 
accumulation. Turnover is the parking volume of non-duplicate vehicles over the total amount of 
parking stalls. Accumulation is the total number of vehicles in a stall in a time interval. Lastly, 
occupancy is the number of vehicles within a stall within each time interval.   
 
Parking Lot 1 
Out of the total 44 stalls, five of them were for town employee parking only (highlighted in 
Figure 4.3.1) and the 39 remaining stalls were available throughout the day. The dimensions of the 
stalls are 8’8” long and 8’7” wide, all at 90-degrees.  
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Figure 4.3.1: Map of Parking Lot 1 
 
 Parking Lot 1 turnover, occupancy, and accumulation were tabulated in Table 4.3.1 and Tables 
B.1 through B.4 (see Appendix B for Tables B.1 through B.4). The top portion of these figures 
represent study dates, who collected the data, and the time frame in which the data was collected. 
Below that are columns labeled “Space Number”, “Time”, “Count” and “Turnover”. The “Space 
Number” refers to each stall seen in Figure 4.3.1. The “Time” section of the spreadsheet shows 30-
minute time intervals in which the study was performed, with “0” being the start time. The “Count” 
refers to whether a vehicle was in a stall at a certain time, with a 1 indicating there was a vehicle and a 
blank space indicating no vehicle. The “Turnover” column counts the number of non-duplicate 
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vehicles in the stall at a given time. For example, space 28 in Table 4.3.1 had three different vehicles 
over 60 minutes, therefore the turnover was 3. In another example, space 31 in Table 4.3.1 only one 
vehicle over 60 minutes, therefore the turnover was 1. For the purposes of the license plate parking 
survey for Parking Lot 1, data on numbers 40-44 are not included because it is town employee parking 
during business hours.  
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Table 4.3.1: Parking Lot 1 Data 12/08/2016 (Thursday) 
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 In Table 4.3.1, “Accumulation” values of 23, 22, and 22 refers to the number of vehicles in 
stalls 1-39 at time 0, 30, and 60, respectively. Figure 4.3.2 shows the graphical representation for 
accumulation versus time for all four days in parking lot 1. The “Occupancy” values display the 
number of vehicles per stall at given time interval. For time 0, 23 out 39 stalls were being occupied. 
For time 30 and 60, 22 out of 39 stalls were being occupied. Lastly, the “Turnover” value of 0.85 
describes the average amount of non-duplicated vehicles in the stalls over the 39 total stalls. Overall, 
having a higher amount of occupancy means more vehicles in stalls while having a lower turnover 
rate means the vehicles in the stalls aren’t leaving quickly. Table 4.3.2 shows the accumulation, 
occupancy and turnover rate for Parking Lot 1. For all parking data, please refer to Appendix B 
Parking Results Table B.1 through B.4. 
Table 4.3.2: Parking Lot 1 Summary of License Plate Parking Survey 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Time Interval Accumulation Occupancy Time Interval Accumulation Occupancy Time Interval Accumulation Occupancy Time Interval Accumulation Occupancy
0 11 0.28 0 23 0.59 0 11 0.28 0 2 0.05
30 10 0.26 30 22 0.56 30 13 0.33 30 2 0.05
60 8 0.21 60 22 0.56 60 13 0.33 60 2 0.05
90 8 0.21 90 - - 90 13 0.33 90 - -
120 6 0.15 120 - - 120 15 0.38 120 - -
150 - - 150 - - 150 15 0.38 150 - -
0.41 0.84 0.59 0.05
12/8/2016
Turnover rate
12/9/2016
Turnover rate
12/11/2016
Turnover rateTurnover rate
12/7/2016
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Figure 4.3.2: Parking Lot 1 Accumulation versus Time Graph 
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Figure 4.3.3: Map of Parking Lot 2 
 
 
Figure 4.3.4: Map of Parking Lot 3 
 
 The data collected in Parking Lots 2 and 3 were combined since data was collected on the 
schools’ parking lots during business hours and would be off-limits for public use during that time. 
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The parking stalls in Parking Lot 2 have both 90-degree stalls and 53-degree stalls. The 90-degree 
stalls are 18’ long and 8’10” wide. The parking stalls that are at 53-degrees are 19’5” long and 9’10” 
wide (see Figure 4.3.3). The parking stalls in Parking Lot 3 are 20’ long and 9’ wide, all at 90-degrees 
(see Figure 4.3.4). License plate parking surveys were also combined since there was only one vehicle 
was seen in Parking Lot 2 during non-business hours. Table 4.3.3 represents the parking survey 
conducted in Parking Lot 2, showing the accumulation, occupancy and turnover rate. No vehicles 
were present in Parking Lot 3. 
Table 4.3.3: Parking Lot 2 Summary of License Plate Parking Survey 
 
 Lastly, all the stalls were counted for in each parking lot, including the number of accessible 
stalls for handicapped parking. Table 4.3.4 shows the total number of stalls for each parking lot and 
the number of accessible stalls present. These were analyzed to determine if each parking lot complies 
with ADA regulations for the minimum number of accessible stalls present. None of the three parking 
lots are currently in full compliance with ADA regulations, as discussed further in Chapter 5 
Table 4.3.4: Parking Lot Stalls and Accessible Stalls 
 
Time Interval Accumulation Occupancy
0 1 0.02
30 1 0.02
60 1 0.02
90 - -
120 - -
150 - -
0.02
12/11/2016
Turnover rate
Total Stalls Accessible Stalls
Parking Lot 1 44 1
Parking Lot 2 59 2
Parking Lot 3 10 1
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4.4 Lighting 
 
 Lastly, data on lighting was analyzed along Main Street. Hubbardston currently has 8 cobra-
head street lights along the Main Street (see Figures 4.4.2 - 4.4.4). A cobra-headed street light is one 
that has a protruding neck and aims the light downwards as seen in Figure 4.4.1. 
 
 
Figure 4.4.1: Cobra-headed Street Light 
 
Out of the eight streetlights, an analysis showed that only one was functioning. Using a lux meter 
showed us Lights 5 gave off approximately 3 lumens at street level. To put that in perspective, a 
standard candle gives off 12 lumens (5).  
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Figure 4.4.2: Locations of Lights 1 through 3 
Source: Google Maps 
 
 
 
 
 
 
Figure 4.4.3: Locations of Lights 4 and 5 
Source: Google Maps 
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Figure 4.4.4: Locations of Lights 6 through 8 
Source: Google Maps 
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5.0 Findings 
 
 In this chapter, findings for sidewalk, parking, and lighting are provided based on the analysis 
of the results. These findings determined what would be needed to be improved upon and contributed 
to the final recommendations. 
 
5.1 Sidewalks 
 In the sidewalk analysis, data was collected throughout the entirety of Main Street. Shown in 
Table 4.2.1, the results of each section were described and ADA compliancy was shown. From the 
results, sixteen out of eighteen sections of sidewalk failed to meet ADA regulations. Most failed to 
meet accessibility specifications as the majority of the pavement’s surfaced contained either cracking, 
potholes, or was comprised of multiple materials such as concrete and asphalt. Five out of twenty-nine 
measured cross slopes exceeded the maximum allowable slope to be in accordance with ADA 
regulations. 
 
5.2 Parking  
Parking Stall Conformance to ADA 
 
 In the parking study, data was collected on the location and dimensions of the stalls. In 
addition, data was also collected on the number of parking spaces present to determine if current 
availability of parking stalls conformed to ADA regulations (Table 4.3.4). From the data collected, 
Parking Lot 1 only contains one accessible parking space with a 60-inch wide aisle, and therefore does 
not comply with ADA regulations. For Parking Lot 1, a minimum of two accessible parking spaces is 
needed; one with 60-inch wide aisle, and one van accessible parking space with a 96-inch wide lane. 
Parking Lot 2 contains two accessible parking spaces with 60-inch wide aisles, and therefore does not 
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comply with ADA regulations. For Parking Lot 2, a minimum of three accessible parking spaces is 
required; two spaces with a 60-inch wide aisle, and one van accessible parking space with a 96-inch 
wide aisle. Lastly, Parking Lot 3 contains only one accessible parking space with a 60-inch wide aisle, 
and therefore does not comply with ADA regulations. For Parking Lot 3, a van accessible parking 
space with a 96-inch wide aisle is required 
 
License Plate Parking Survey 
 To determine whether Hubbardston had enough parking spaces, a license plate parking study 
was performed. Tables 4.3.2 and 4.3.3 show that the highest rate of occupancy was 0.59, meaning 
only 59% of Parking Lot 1 was being used. Additionally, during that same day the turnover rate was 
high as well, 0.84, indicating vehicles were leaving and arriving quickly. Turnover is the parking 
volume of non-duplicate vehicles over the total amount of parking stalls. The study on the 11th of 
December, 2016, showed in both Parking Lot 1 and Parking Lot 2 that parking stalls were abundant. 
These results are juxtaposed with the survey results from the Town Center Survey, which indicated 
that additional off-street parking was desired. Therefore, the findings show that the current off-street 
parking availability during normal working days are acceptable and an additional parking lot is not 
needed. 
 On-street parking is currently not available on Main Street. Instead, a multi-use lane is placed 
along the side of the road. It is too narrow for a vehicle to park, and is used as a “breakdown lane,” 
being only approximately 5-feet wide; it also serves as the drop-off and pick-up lane in front of the 
school. 
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5.3 Lighting 
 The lighting results showed that Hubbardston currently has 8 light posts in the town center 
with only one functioning at night. According to the Town Center Survey (Appendix C), the town 
wanted more lighting along Main Street. However, many residents live along Main Street and desire 
reduced brightness at night to avoid any interference of light shining into residences’ homes. 
 Based on the results of the current light posts giving off three lumens, this provided less 
visibility than a small flashlight keychain. According to the Federal Highway Administration, details 
from crash reports show how lighting decreases fatal injuries. Driving is a visual task, and having 
proper visibility, especially at night, reduces the risk of having an accident. In fact, the FHWA 
Signalized Intersection Informational Guide had found that adding lighting can reduce crashes at night 
by 50 percent and fatal crashes by 43 percent. Knowing that proper visibility will improve driver 
safety, consideration for the desires of residents that live on Main Street in Hubbardston is important. 
 
5.4 School Drop-off and Pick-up 
 In the drop-off and pick-up analysis, it was clear that the current method is inefficient and 
dangerous to drivers. In the morning, drop-off takes place within a period of roughly twenty minutes. 
Two police officers are present to help control traffic and stop all vehicles when students are crossing 
the street at marked crosswalks. Cars begin arriving around eight o’clock in the morning and wait 
along the curb for about ten to fifteen minutes before the front doors of the school open. When 
students are able to enter the school, parents drop off their children and pull away from the curb onto 
the main road. As the school is located along Route 68, many large vehicles pass by at high speeds. 
Although there is a speed limit of 20 mph within the school zone, many vehicles appeared to exceed 
this limit during the observation period of this MQP. With dozens of cars queuing to pull up to the 
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curb and then driving away, traffic is congested as vehicles weave in and out of the road in front of the 
school. This puts many drivers at risk for collision with other vehicles. Therefore, the best way to 
alleviate this problem is by implementing alternative drop-off and pick-up options. These alternative 
options were analyzed for cost, safety, and practicality, and recommended to the TCC for possible 
future use.  These recommendations are presented next in Chapter 6. 
 
5.5 Funding Resources 
 
 Input provided by the Town Administrator indicates there are two viable funding program 
options: the MassDOT Complete Streets Funding Program and the Transportation Improvement 
Program (TIP). Hubbardston is in the process of being qualified for the “complete streets” program 
and awaiting the Tier 2 approval which should be completed by April 2017. At that time, the Tier 3 
phase will be initiated and an engineering company, most likely TEC, will identify the streets that are 
best qualified for the complete streets program. The Town Administer noted that, “The Main Street 
section of Route 68 will most likely be deemed acceptable for ‘complete Streets’ and the town could 
take this avenue for funding of the project.”  
The second program, TIP, involves two projects: one focused on the northern section of Route 
68 and the other, focused on the southern section of Route 68. The Town Administrator noted that a 
member of the Montachusett Regional Planning Commission (MRPC), had commented that the town 
center project could be added as a candidate for funding under the TIP. The MRCP member indicated 
that the town center project could be ranked as a higher priority since the cost estimate for the norther 
section of Route 68 project is approximately $5 million. That high cost project would most likely be 
deferred for funding until 2020, in which case the town center project would be a more viable project 
candidate at this time.  
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6.0 Recommendations 
 
 In this chapter, several recommendations have been provided for sidewalk, parking, lighting, 
and school drop-off and pick-up. After an analysis of the findings, the project team believes these 
recommendations will enhance the town center. All designs presented by the project team have the 
same layout or adapted layouts from the schematic design created by TEC. Please refer to Appendix E 
for the final design color graphic. 
 
6.1 Sidewalks 
 Chapter 4 discussed how the majority of sidewalk sections do not comply with ADA 
regulations. The pavement contains numerous cracks and potholes which restrict accessibility for 
some pedestrians. Some sections also exceed the maximum allowable slope. The project team 
therefore recommends that the entire sidewalk be repaved to the specifications planned by TEC. The 
project team recommends repaving all sidewalks to maintain consistency in quality throughout its 
entirety. It would be difficult to repave only sections of sidewalk and maintain a level surface with 
varying slopes of existing sidewalk.  A 10-foot wide and continuous concrete sidewalk that complies 
will all ADA requirements should therefore be implemented for easy accessibility and walkability 
within the town center. Repaving the sidewalk, adding a granite curb, and adding curb cuts to be ADA 
compliant will cost approximately $600,000. This will include continuous sidewalk on both sides of 
Main Street, with a continuous sidewalk from the Curtis Recreation Field to Elm Street. Refer to 
Appendix E for a final design color graphic provided by TEC. This cost was acquired from a 
preliminary construction cost estimation provided by TEC. 
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6.2 Parking 
 Based off the parking audit that was performed, this MQP finds that an additional parking lot 
is not necessary. However, with the lack of on-street parking currently available within the town of 
Hubbardston, the project team believes it would be a beneficial addition to the town center by 
providing additional parking spaces, and recommends implementing spaces in accordance with 
specification planned by TEC. TEC will add on-street parking to Main Street, with individual stalls 
measuring 9-feet wide and 22-feet long. On-street parking plans provided by TEC may be seen 
Appendix E. First and last parking spaces may be 20-feet long as there will be allowable overhang at 
the end of these stalls. As seen in Figure 6.2.1, on-street parking can be implemented concurrently 
with the planned street design created by TEC. Buffer zones will be present in certain areas along 
Main Street, and are shown as green areas within the design drawings. 
 
Figure 6.2.1: On-street Parking 
 
By implementing on-street parking, approximately fifteen additional parking spaces could be provided 
along in front of the library and school. An additional 30 on-street parking spaces are recommended 
along Main Street, as specified by TEC. Please refer to Appendix E for the final design color graphic 
provided by TEC. 
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6.3 Lighting 
 After discussing various lighting options with members of the TCC, the project team must 
consider the desires of residents living on Main Street. The tall cobra headed street lights would 
intrude on residents’ homes by shining light into their bedrooms on the upper levels. Residents are in 
favor of street lights, however, prefer that they remain lower to the ground to prevent light from 
shining into their windows. Therefore, three recommendations for different lighting options have been 
provided. All lighting options recommend a standard LED lightbulb with low wattage to reduce cost 
and to prevent excessive glare into residents’ homes. 
 
Option 1 
 
 The first option includes a colonial four-sided fixture with a 10-foot pole, measuring to a 
complete height of approximately 13.5-feet (Figure 6.3.2). This style of lighting is recommended, 
however, there are varying styles to choose from. One style is provided from Sternberg Lighting. The 
rough cost of this model ranges between $1,400 and $1,800 per unit. This does not include the cost for 
installation. The recommended lighting source is a standard LED bulb with low wattage. As suggested 
by the Massachusetts Department of Transportation (MassDOT), streetlights standing between 12 to 
15 feet should be placed 50 to 75 feet apart on opposite sides of the street (6). Because the light is 
positioned at 10 feet for this option, the project team recommends spacing the posts on the lower end 
of the recommended spectrum, being placed at equal intervals of 50 feet on both sides of the road 
directly across from one another to be consistent. As suggested by TEC in the early stages of this 
project, the project team focused on improving lighting within a 500 linear-foot section in front of the 
school, town offices, and library. To provide enough lighting within this section, 20 lights would be 
needed. The configuration for these lights may be seen in Figure 6.3.1. Each yellow dot represents the 
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location of each light post. The project team believes that these lights are low enough to not shine 
light into homes and disturb residents at night. In addition, the project team believes this light is 
aesthetically appealing and fits well with the towns’ historic feel.  
 
 
Figure 6.3.1: Option 1 Lighting Configuration 
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Figure 6.3.2: Lighting Option 1 
Source: Sternberg Lighting 962TC-XRLED Glen Ellyn 
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Option 2 
 
 The second option is a gooseneck lighting fixture with a pole height of 15 feet 10.5-inches 
with the lightbulb placed approximately 12 feet above the ground (Figure 6.3.4). The project team 
recommends using this style of lighting, and again, there are many styles to choose from. The style 
shown in Figure 6.3.2 is provided from Sternberg Lighting. The rough cost of this model ranges 
between $1,400 and $1,800 per unit, similar to Option 1. This does not include the cost for 
installation. The recommended lighting source is a standard LED bulb with low wattage. The spacing 
and location of streets should be placed in the same manner as option 1. The configuration may be 
seen in Figure 6.3.3. The project team believes that this light is low and aims downward, preventing 
light from shining into residents’ homes. 
 
 
Figure 6.3.3: Option 2 Lighting Configuration 
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Figure 6.3.4: Lighting Option 2 
Source: Sternberg Lighting 1940 Glenview 
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Option 3 
 The third option is a low level downward casting lighting fixture placed just above average 
waist height at 4-feet (Figure 6.3.6). The project team recommend using this style of lighting, 
although there are many similar styles to choose from. This style is also provided from Sternberg 
Lighting and is shown in Figure 6.3.6. The rough cost of this model ranges between $600 and $800 
per unit. This does not include the cost for installation. The recommended lighting source is a standard 
LED bulb with low wattage. Because the light is positioned well below the suggest height of 12 to 15 
feet, the project team recommends placing these lights at equal intervals of 15 feet on both sides of the 
road, directly across from one another to be consistent. 55 lights would be needed to provide enough 
lighting within the 500 liner-foot section. The configuration for these lights may be seen in Figure 
6.3.5. Each yellow dot represents the location of each light post. The project team believes that this 
light is positioned extremely low, preventing all light from shining into residents’ homes. Unlike the 
other two options, this style of lighting will present a more contemporary aspect to the towns’ look. 
 
 
Figure 6.3.5: Option 3 Lighting Configuration 
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Figure 6.3.6: Lighting Option 3 
Source: Sternberg Lighting Solana Bollard SL302 
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 From the three options presented, the project team recommends implementing option 2. Each 
option is summarized by cost and number of fixtures in Table 6.3.1. Option 2 is recommended 
because it is more economically viable than option 3, and more practical than option 1. This light 
fixture is more practical than option 1, because it is downward casting; it will direct light on to the 
pavement, and prevent light from shining into adjacent homes. As previously mentioned by members 
of the TCC, residents on Main Street prefer light fixtures which do not shine into homes. 
 
Table 6.3.1: Lighting Options Summary 
 
 
6.4 School Drop-off and Pick-up 
 Four options were created to address the need to safely drop off and pick up students from 
school. After weighing the pros and cons of each option, a decision matrix was created to choose what 
was believed to be the best option. A decision matrix is a list of values that are arranged in rows and 
columns. This allows for analyzing the value for each outcome. Each option is given a weighted score 
within each category and total score is presented revealing which option provides the most benefit. An 
approximate cost analysis for the materials needed for each option is provided in Table 6.4.1. 
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Table 6.4.1: School Drop-off and Pick-up Cost Analysis 
 
 
 
6.4.1 Option 1 
 This option would not change the design schematics proposed by TEC. The drop-off and pick-
up would occur in front of the school where on-street parking will be available (Figure 6.4.1). 
Restricted parking during school drop-off and pick-up times would need to be enforced to ensure 
these spaces remain open for vehicles.  
 The benefits to this option are no additional designs are required, other than the on-street 
parking design proposed by TEC, and that children have easy and safe access getting to the school. 
Drop-off storage would be limited to 15 vehicles, as this would be the allowable number of parking 
stalls. Similar to the current situation, traffic may be impacted as cars merge into traffic in front of the 
school. The cost of materials for this section would be approximately $134,000, making it the least 
expensive option (Table 6.4.1).  
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Figure 6.4.1: Drop-off and Pick-up Option 1 
 
6.4.2 Option 2 
 This option includes a designated drop-off and pick-up area in front of the school. The zone 
would be located within a semicircle configuration, and would have a six-car capacity. On-street 
parking will also be available for additional drop-off and pick-up (Figure 6.4.2). Restricted parking 
during school drop-off and pick-up times would be enforced to prevent parking during those times and 
ensure these spaces remain open for vehicles.  
 The benefits to this option are low additional costs and easy and safe access for children 
getting to the school. Similar to the current situation, traffic may be heavily impacted as cars weave 
into traffic from the drop-off zone in front of the school. Drop-off and pick-up storage would be 
reduced to 6 vehicles, however, because the drop-off and pick-up zone is placed away from Main 
Street, safety of children is increased. This option does have a drawback as the number of on-street 
parking spaces is reduced to 6 stalls. The cost of materials for this section would be approximately 
$146,000, making it the second least expensive option (Table 6.4.1). 
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Figure 6.4.2: Drop-off and Pick-up Option 2 
 
6.4.3 Option 3 
 This option includes a designated drop-off and pick-up area across the street from the school. 
The zone would be located alongside the street to the parking lot of the Hubbardston Federated 
Church (Figure 6.4.3). The street would need to be widened to 33 feet. Vehicles would drive up the 
road and loop around the parking lot coming back down the street to drop off their children alongside 
the southbound lane. The street will be wide enough for three vehicles; this allows for vehicles to pass 
idling vehicles dropping off children, to exit the drop-off and pick-up zone. Children would walk 
down the sidewalk placed along the southbound lane to the main road where an additional crosswalk 
will be placed. A designated crossing guard or police officer would then stop oncoming traffic when 
kids cross the road.  
 The benefits of this option are the amount of storage for vehicles and the decrease of conflict 
between school-related traffic and through traffic on Route 68. By placing the drop-off and pick-up 
zone off the main road and onto a side street, the likelihood of an accident from occurring is 
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decreased. This option is not as safe for children for drop-off and pick-up, as an additional obstacle of 
crossing Main Street is presented. Drop-off and pick-up storage would be slightly increased to 16 
vehicles as queuing will occur along the entirety of the street. A drawback would the number of on-
street parking spaces being reduced to 12 stalls in front of the main offices. The cost of materials for 
this section would be approximately $222,000, making it the most expensive option (Table 6.4.1). 
 
  
 
Figure 6.4.3: Drop-off and Pick-up Option 3 
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6.4.4 Option 4 
 This option includes a designated drop-off and pick-up area across the street from the school 
similar to Option 3. The zone will be located alongside the street to the parking lot of the Hubbardston 
Federated Church (Figure 6.4.4). The street would be widened to 22-feet. Brigham St would become a 
one-way street in which vehicles would travel up and loop around the backside of the church to the 
designated drop-off and pick-up zone along the street. Similar to option 3, the street will be wide 
enough for two vehicles leaving the parking lot, meaning vehicles drop off and pick up their children 
along the curb, and exit through the alternate lane. Children would walk down the sidewalk placed 
along the curb to the main road where an additional crosswalk will be placed. A designated crossing 
guard or police officer would then stop oncoming traffic when kids cross the road.  
 The benefits of this option are similar option 3, such as the amount of storage for vehicles, the 
decrease of conflict between school-related traffic and through traffic on Route 68. By placing the 
drop-off and pick-up zone off the main road and onto a side street, the likelihood of an accident from 
occurring is decreased. Speeds within the drop-off and pick-up zone will be highly restricted, 
therefore reducing the severity of accidents from occurring. This option is not as safe for children for 
drop-off and pick-up, as an additional obstacle of crossing Main Street is presented. Drop-off and 
pick-up storage will be decreased to 12 vehicles.  
 The main difference between option 4 and option 3 is a lower impact on main street traffic. By 
having vehicles gain access to the drop-off and pick-up zone through Brigham St., additional traffic is 
alleviated from Main Street. By having a two-way entrance in option 3, vehicles will be turning onto 
and off of Main Street. Option 4 will force vehicles to turn onto Brigham Street, at the designated 
intersection, to access the drop-off and pick-up zone. Also, there is currently limited sight distance at 
the intersection of Brigham and Main Street for vehicles existing Brigham Street.  This option would 
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eliminate those exiting vehicles by making Brigham Street a one-way road connected to the school 
drop-off and pick-up zone. By preventing vehicles from dropping off children in front of the school 
and directing traffic onto Brigham Street, traffic congestion on Main Street will be reduced. The cost 
of materials for this section would be approximately $209,000, making it the second most expensive 
option (Table 6.4.1). 
  
Figure 6.4.4: Drop-off and Pick-up Option 4 
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6.4.5 Evaluation of Design Options 
 Each option was put into a decision matrix with several categories receiving weighted scores 
(Table 6.4.2). The weighted values range from 1 to 3, depending on the importance. For example, the 
safety of children has a much higher influence than drop-off storage. Therefore, the score for children 
safety will influence the decision for the best option to choose from. The matrix was given 6 
categories: Cost, Child Safety, Accident Severity, Drop-off Storage, and Traffic Impact. Each option 
was given a score for each category, receiving a score of 0, 0.5, or 1. Having the lowest benefit would 
receive a score of 0. Having some benefit would receive a score of 0.5. Lastly, having the highest 
benefit would receive a score of 1. 
 From the four options presented, the project team recommends implementing option 1. Based 
off the total scores from the decision matrix, option 1 is the most beneficial with option 2 being a 
close alternative. Option 1 is more beneficial than option 2 because it has additional drop-off and 
pick-up storage. From discussions with members of the TCC, child safety and traffic impact were a 
top priority, therefore being the most influential. Cost and drop-off storage were important deciding 
factors as well, having considerable influence. Accident Severity had the least influence, as the main 
concerns for drop-off and pick-up were child safety and traffic congestion. By reducing the traffic 
impact and making the drop-off and pick-up zone safer, the project team believes the number and 
severity of vehicular accidents will decrease. 
   
 
 
 
 
 
 
 
 60  
Table 6.4.2: Decision Matrix 
 
 
 
 
6.5 Conclusion 
 
 Based on input and assistance from members of the TCC and TEC, the project team has developed 
numerous recommendations that can be implemented to enhance the town center. For sidewalks, the project 
team recommends that the entire sidewalk be repaved to the specifications planned by TEC. This will 
include repaving all sidewalks to maintain consistency in quality throughout its entirety. For parking, 
it is recommended to implement on-street parking spaces in accordance with specifications planned by 
TEC. This will contribute additional parking spaces within the town center. For lighting, it is 
recommended to implement option 2 because it is an economically viable option and the light fixture 
is downward casting. The light will be directed on to the pavement and not shine into nearby 
residences. For school drop-off and pick-up, the project team recommends implementing option 1. 
Based off an analysis of the decision matrix, option 1 was chosen to be the most beneficial option. By 
implementing the recommendations provided, the project team believes the Town of Hubbardston will 
have a safe and accessible town center.  
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Professor Suzanne LePage, Advisor 
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For more information about the projects program at WPI, see http://www.wpi.edu/Academics/Projects.  
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1.0 Introduction 
 
The Hubbardston MQP focuses on street design of the town of Hubbardston, MA. The town of 
Hubbardston currently has traffic and safety issues along Route 68 that runs through the town 
center. Many facilities in the town center such as the library, community center, police station, post 
office and elementary school are all located within a few hundred feet of each other. Due to the 
layout, morning and evening rush hour creates a number of safety concerns. For example, 
emergency vehicles needing to pass through the school zone are often blocked by traffic congestion 
and pedestrians crossing the road. In addition, there are safety concerns for pedestrians and 
bicyclists as sidewalks are discontinuous and in poor condition. Bicyclists are forced to ride along 
the road without properly marked bike lanes. Furthermore, much of the sidewalk along the road 
does not meet proper Americans with Disabilities Act (ADA) requirements and a lack of street 
lights along Main Street restricts visibility for both drivers and pedestrians. Lastly, the availability 
of parking is limited. There is currently one parking lot accessible to the public in the town center.  
The scope of this project shall include a schematic design for the reconstruction of the roadway 
addressing pavement, drainage, curb cuts, signage, parking within ADA requirements, and lighting 
for improved visibility. The roadway will be designed for use by all modes of traffic, including 
passenger cars, heavy vehicles, bicyclists, and pedestrians. A consultant will be hired by the town 
of Hubbardston to focus on street design while the students will focus on an analysis of parking as 
well as sidewalk and lighting redesign.  
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2.0 Background 
 
2.1 Town of Hubbardston  
The Town of Hubbardston is a rural town with a population of 4,452 people and located 
approximately 20 miles north of Worcester, MA (9). The section of roadway involved is 0.4 miles 
along Route 68 that begins at the intersection of Main Street and Elm Street and ending at the 
intersection of Main Street and Williamsville Road (see Figure 1). The roadway runs through the 
town center where many of the town's facilities are located. Within the town center, the library, 
community center, police station, post office, and elementary school placed within a few hundred 
feet of each other.   
 
Figure 1: Map of Section of Roadway for Redesign 
Source: Google Maps 
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2.2 Hubbardston Main Street  
 
The section of roadway is primarily used for vehicular traffic, but often fails to provide basic 
features such as sidewalks on both sides of the road, street lighting during nighttime and evening 
hours, and accessible parking.  During morning and evening peak hours, traffic congestion is a main 
issue. Located in front of the school on Main Street, road access is prevented from the vast number of 
vehicles and individuals present. This raises a concern for safety for students commuting to and from 
school.   
In addition to safety of students, the town lacks the presence of a walkable and continuous 
sidewalk. On one side of the street, the sidewalk is a broken and uneven surface that is not in 
accordance with Americans with Disabilities Act (ADA) standards. On the other, the sidewalk 
stops abruptly and doesn’t continue down the rest of the roadway as seen in Figure 2.   
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Figure 2: Sidewalk along Main Street  
 
 Furthermore, the lack of street lights restricts the mobility of pedestrians to walk only 
during the day. This compromises the safety of pedestrians along the sidewalk and crossing the 
streets. Lastly, the town of Hubbardston has a limited number of parking spaces. With current road 
conditions, parking is only available in one lot, located in the town center next to the library. This 
single lot limits the mobility of people traveling into town by vehicle, as it inconveniences them to 
park in that specific location. The town of Hubbardston is aware of these issues and is seeking to 
make changes to improve walkability, safety, and mobility within its town center.  
2.3 Complete Streets  
 
To improve Hubbardston’s Main Street, implementing changes towards becoming a 
complete street will be made. Complete streets are simply defined as streets for everyone. They 
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are designed with the intention of providing multiple uses other than as a connecting platform for 
vehicles to travel on. While many streets are designed only for the purpose of cars and trucks, they 
often provide little convenience to the community in terms of walking or cycling. With an 
increase in traffic volume, this will only lead to more congestion and higher safety concerns for 
pedestrians. The idea of a complete street is to make roads an essential part of everyday life. With 
many people living in surrounding areas outside of the center of town, they have limited options 
for accessing the amenities provided within the town if the designed roads do not consider 
continuous and safe walkability, or accessible parking. Complete streets are designed to 
incorporate walkability along sidewalks in compliance with ADA regulations and standards, bike 
paths along the road, provide visibility at night, and offer available parking for easy access to the 
town center. By incorporating these components to a complete street, this will not only improve 
safety, but encourage social interaction and activity within the community.   
2.3.1 Sidewalks  
 
 Sidewalks are paved walkways for pedestrian usage along the side of a road. A properly 
designed sidewalk should be continuous with minimal breakpoints or obstructions; this may 
include sudden breakages in the pathway, dead ends, or buildings obstructing the walkway. To 
allow equal accessibility for everyone, sidewalks must comply with specific ADA requirements 
and standards. For example, in the state of Massachusetts, the minimum required width for 
sidewalks must not be less than 48 inches, excluding curb stone (2). This ensures safe accessibility 
in areas with high pedestrian traffic and to mobility limited people, such as people in wheelchairs, 
those with strollers or elderly people. When evaluating the current conditions of the sidewalk in 
Hubbardston, continuity will be the most important factor. Sidewalks in poor condition will often 
be continuous for a certain distance and will abruptly stop. Another aspect for evaluation the 
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condition of the sidewalk will include measuring the running slope and cross slope of the sidewalk. 
The running slope is measured parallel to the direction of travel, while the cross slope is measured 
perpendicular to the direction of travel. To comply with ADA regulations, the slopes are restricted 
to ensure easy accessibility for everyone. For this reason, w must ensure that these requirements are 
met.  
  In addition, we will evaluate the presence and conditions of curb cuts. Curb cuts are ramps 
that are graded down from the surface of a sidewalk to the surface of a road. This allows for 
mobility limited people, such as those in wheelchairs, elderly, or those with baby strollers to easily 
cross streets. Much like sidewalks, curb cuts must also comply with ADA regulations. For 
example, curb cuts must level to a sidewalk or walkway that is of at least 48 inches in width with a 
maximum cross slope of 2% (1). Not only are curb cuts required for sidewalks and walkways, but 
for all obstructions along a path, including islands and road dividers (2). Using these evaluation 
methods, we will be able to determine the current conditions of the sidewalk, and make 
recommendations for improvement.   
2.3.2 Parking  
 
 Parking should be provided for all business, recreational facilities, and other public centers. 
The use of parking spaces, on-and-off-street, will not only reduce congestion and prevent illegal 
parking, but encourage people to utilize the amenities provided within the town center. For people 
that live beyond walking distance, or people passing through the town center and wish to walk 
around, available parking is crucial. To analyze the parking lot located in the town center, we will 
assess the conditions using several methods. We will begin by counting the amount of total parking 
spaces that are available for public use. As there are ADA requirements for sidewalks, there are also 
ADA requirements for parking spaces as well. For example, depending on the total number of parking 
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spaces available, a certain number of spaces must be accessible spaces and that one in eight accessible 
spaces is to be van accessible. Therefore, we will count the total number of parking spaces and 
determine the minimum number of required accessible parking spaces. We will also record the 
volume of cars parking within this lot during the day, and the duration of parking for each vehicle. 
These methods will allow us to determine if the parking lot is being utilized correctly. If there is a 
shortage in spaces, then additional parking will be needed. However, if parking is always available, 
then only minor recommendations may be made.  
2.3.3 Street Lighting  
 
 Street lights are used to enhance visibility at night of pedestrians at night. One of the main usages 
of street lighting at night is to make pedestrians visible to drivers. With a lack of available lighting 
along Main Street, people will be discouraged from walking at night, restricting mobility around 
the town center. In addition to pedestrian safety, it was found that street lighting at night will 
decrease the occurrence of vehicular accidents. According to a study about street lighting, it was 
found that in rural roads that provide street lighting will reduce the amount of nighttime injury 
crashes by 50%. In urban and suburban roads, it was found that lighting can reduce vehicular 
crashes by 30% and pedestrian crashes by 45% (6).   
 With residents living along Main Street, it is important to consider personal privacy (13). 
Providing safety for walking pedestrians at night is a top priority, however, it is also important to 
consider the desires of residence along the main road. For this reason, it will be necessary to provide 
alternative lighting options with reduced radiance.   
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2.4 Procedure to Analyze Roadways  
 
Sidewalks  
 
 When assessing the current conditions of sidewalks, there are numerous factors to consider.  
All sidewalks must be in accordance with ADA regulations and therefore meet a certain standard of 
quality. Data is collected on warping, cracks or breaks as well as running slope and cross slope on 
the surface of sidewalks. Running slope is measured parallel to the direction of travel; cross slope 
is measured perpendicular to the direction of travel. Any obstructions or breaks on the sidewalk 
would impede on continuity and mobility. In addition, data will be collected on curb cuts to 
confirm their presence at all intersections and that the maximum slope ratio of 1:12 is not exceeded 
(2). These evaluations will occur on both sides of the road to ensure consistency.  Data collection 
of these elements include using mapping the sidewalks and recording the areas of concern using 
GPS in a field audit (11). Tools that will be used include a rolatape to measure length of the 
sidewalk, clinometer to measure slope, and measuring tape to measure protruding objects or 
obstructions (13).  
Lighting  
 
 During the evening hours, lighting plays an important role in visibility for pedestrians and 
cars. In addition to making pedestrians visible to drivers at night, street lighting decreases the 
number of vehicular accidents from occurring. Analyzing lighting in a community involves 
mapping out the location of each street light in the area.  In addition, type of lamp, wattage, and 
height of pole is gathered (7). Data collection of these features is done by observing the type of 
lamp, using a lux meter to determine the amount of light falling on the roadway, and a tape measure 
is used to determine the height of street lamps using trigonometry. Subsequently, a cost analysis 
comparing current lighting to other types of lighting options is determined (8).  
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Parking  
 
 In determining whether there is enough parking in a city, first examining local zoning and 
land use laws is important. Next, field work is done to map the spaces, count the available spaces, 
and count the amount of time the spaces are in use for. Two-dimensional mapping using 
AutoCAD will be used to analyze the layout of the parking lot. In addition, timing will be 
recorded for vehicles when they enter and leave the parking lot. With this information, a 
complete analysis of whether there is enough parking is performed (5). If there are not enough 
spaces, a review of zoning laws and land use will be used to determine areas to put in other 
parking lots. With that, a cost analysis and model of the location will be provided to the town for 
review and discussion (5).   
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3.0 Methodology  
 The goal for this project is to provide a final recommendation for improving the town center of 
Hubbardston in Massachusetts. Our objective is to create schematic designs for a complete street. These 
designs will incorporate continuous and accessible sidewalks, street lights that will provide ambient lighting 
at night, and available parking for public use.  
3.1 Project Scoping  
 Our initial task was to create a brief summary of the project background and scope of services 
for Hubbardston be sent out as a Request For Proposal (RFP) to local consulting firms. This RFP 
included a summary of problems the town faces, the background of the town, and what type of 
consultant was desired. In response, interested consulting firms would place a bid to perform the 
work.  
3.2 Data Collection  
 
 In this section, we will discuss the type of data we will be collecting for our project. This 
data will include our initial observations on sidewalk continuity and accessibility, lighting 
brightness, and total amount of available parking.  
3.2.1 Sidewalk Continuity and Accessibility  
 
 To determine the quality of the sidewalks in Hubbardston, several pieces of information 
need to be collected. In particular, sidewalk design with location of protruding objects, detectable 
warnings and changes in level will be need to be collected. We will be using a rolatape to measure 
the length of the sidewalk; a clinometer to measure the running grade between stations; a digital 
inclinometer to measure cross slope and changes in grade and cross slope; and a tape measure to 
dimensions of obstacle.  Lastly, we will be establishing station points throughout the area to 
provide more accurate results of where the problems are along the sidewalk.  
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3.2.2 Lighting  
 
 Our plan is to perform a needs assessment on lighting in the area. We will collect data on 
the location of the street lamps, the intensity of the light, the types of fixtures in place, and the 
height of the pole the light is on. During the night, we will use a lux meter device to gather 
information about light intensity. In addition, information on the lighting controls and ownership of 
the lights will be obtained from the town of Hubbardston.   
3.2.3 Parking  
 
 To provide the town with parking information, there are several pieces of data we need to 
collected. First we need to talk to the local government to determine what parking spaces are 
private and which are public. Parking data on location of public parking, amount of cars using the 
spaces (during business hours since most activity happens in business hours), duration of time the 
cars are using each space. To gather this information, we will be going into the town of 
Hubbardston during the standard work-week and creating a map of the available parking spaces. 
We will label each car with a number and use a stopwatch to determine how long each person was 
using the space. Timing will be recorded to determine the average duration of parking per person in 
the parking lot. 
3.3 Evaluation and Analysis  
 
 In this section, we will discuss analysis methods for our project. This data will include the 
evaluation of sidewalk continuity and accessibility, lighting brightness, and total amount of available 
parking. This information will be used to help determine solutions to fix the problems.  
 
3.3.1 Sidewalk Continuity and Accessibility  
 
 After gathering all of our data on sidewalks, a full analysis of the issues present will be 
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determined. We will create a table of locations of issues and the types of issues that are currently 
there along with a map displaying where the issues lie. We will use ArcGIS to pinpoint the areas of 
improvement. Then we will start evaluating options of how to fix the problems.  For example, if it 
shows that the problem may be with the sidewalk width, then we will gather information on how 
expensive widening the sidewalk would be. We will also consider environmental impacts in each 
case, such as breakages caused by tree roots breaching the sidewalk surface.   
3.3.2 Lighting  
 
 From our data collection on the street lamps in Hubbardston, we will look at the number of 
street lamps, the type of lighting in place, and who controls the street lamps to get a complete 
analysis of the system in place.  We will plan to consider possibilities of adding in more street 
lamps, replacing the lights, or changing who is in control of the street lamps. Then, we will analyze 
the data collected to determine whether Hubbardston should replace or redesign its lights. Based off 
brightness, determine what type of lighting should be implemented.  
3.3.3 Parking  
 
 Based from our data we collected, we will evaluate the current layout of the parking lot. 
Based on the number of parking spaces available, we will give a minimum number of accessible 
parking spaces that should be available. We will do this by creating a table with car label as a row 
and information on if the person(s)’s destination was next to the parking lot and whether they used 
a private parking space for a public purpose. We will create a 2-dimensional map of the parking lot 
using AutoCAD to show the general layout.  
3.4. Design  
 
In this section, we will discuss the design process for our project scope. From the data that 
we collected and evaluated, we will then make design schematics for each aspect of the complete 
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street. The designs will include the layout for the sidewalks, which will include curb cuts and 
proper width that meet ADA standards. In addition, we will provide a design layout for street 
lights, which will include the type of lighting, brightness and distribution throughout the town. 
Lastly, we will provide a design layout for parking. This will include either on-street or off-street 
parking to accommodate the public's’ need. Once all of the design schematics are complete, we 
will provide a cost analysis to fully implement these amenities.  
3.4.1 Sidewalk Continuity and Accessibility  
  
 Our data collected from sidewalks will allow us to fully analyze the future design options. We will 
provide the town with multiple design options for sidewalk reconstruction along with a cost-analysis for 
each design.   
3.4.2 Lighting  
 
 Finally, in our design portion of street lamps, we will research alternatives to what’s 
currently in place; for example, adding in LED fixtures. We will perform a cost-analysis for each 
design and propose it to the town for comments and design choice.   
3.4.3 Parking  
 
 From our research on parking we hope to create a design with cost-analyses of where future 
parking could be. Parking design requires information about current laws and looking at the town’s 
master plan to allow more parking spaces. If needed, we will research these to provide the town 
with a cost estimate for a new parking area.    
  
3.5 Timeline   
 
 This Gantt chart represents the project scheduled timeline for the remainder of the year. 
Data collection, mapping, and research solutions will be performed during B-term from mid-
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October to mid-December. Design schematics will be completed during C-term from early January 
to early March.  
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Figure 3: Gantt Chart  
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Figure 4: Gantt Chart 
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Appendix B: Detailed Data Collection Results 
 
Sidewalk Results 
 
 The following presents an inventory of field data for each sidewalk section. Maps are used 
to show the portions of sidewalk that were analyzed. Photos show the physical characteristics of 
each section, such as cracking or the use of various materials. The measurements of running slopes 
and cross slopes of both the sidewalk and curb-cuts are also shown to determine if sections comply 
with ADA regulations. 
  
 Section 1 
 Section 1 is approximately 200 feet long, and stretches from point 1 to point 2 on the map 
shown in Figure B.1. Starting from the end of Main Street near the church, this section ends at the 
first crosswalk across the street from Clark’s corner.  
 
Figure B.1: Route of Section 1 
Source: Google Maps 
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Figure B.2: Section 1 facing southwest 
 
Section 1 is 4 feet wide and made entirely out of concrete as seen in Figure B.2. The conditions for 
the sidewalk include potholes and surface cracking in the longitudinal and horizontal direction. 
Walking along this section of pavement would limit the mobility of some pedestrians such as those 
that are visually impaired and those in wheelchairs. The area of grass between the sidewalk and 
road is known as the buffer zone; its purpose is to provide a barrier between pedestrians and 
vehicles. The width of the buffer zone at point 1of the map is 7 feet, and decreases in width to 5 
feet at point 2 
 The running slope and cross slope of the sidewalk was measured every approximately 100 
ft. Within this section, three measurements were recorded for slopes 1, 2, and 3 as seen in Figure 
B.3. Slope 1 had a running slope of 1% and a cross slope of 0.1%. These percentages represent the 
grade of the slope; at 1% the sidewalk has a vertical change of 1 feet every horizontal distance of 
100 feet. Similarly, a 0.1% slope indicates that a vertical change of 1 feet occurs every horizontal 
distance of 1000 feet. Slope 2 had a running slope of 0.9% and 1.5%. At slope 3, the running slope 
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was 2.7% with a cross slope of 1.0%. The running slope and cross slope at all three locations in this 
section comply with ADA regulations. 
 
 
Figure B.3: Slopes 1, 2, and 3 
Source: Google Maps 
 
Section 2 
Section 2 is approximately 97 feet long that stretches from point 2 to point 3 on the map in 
Figure B. Beginning from the first crosswalk, this section ends at the first driveway   
 
Figure B.4: Route of Section 2 
Source: Google Maps 
 
 
Section 2 is 4 feet wide and made entirely out of concrete as seen in Figure B.5. The pavement is 
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uniform without any surface cracking or potholes. This section of pavement does comply with 
ADA regulations as it does not limit the mobility for any persons. The buffer zone for this section 
at point 2 is 5 feet wide and widens to about 6 feet at point 3. 
 
Figure B.5: Section 2 facing northwest 
 
Slope 4, located in Figure B.6, had a running slope of 3.0% and a cross slope of 0.9%. Both 
of these measurements comply with ADA regulations. However, the use of curb cuts fail to exist at 
both ends of the crosswalk. In order to comply with ADA regulations, curb cuts need to be 
implemented at both ends of the crosswalk with slopes conforming to requirements.  
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Figure B.6: Slope 4 
Source: Google Maps 
 
 
Section 3 
 Section 3 is approximately 76 feet long, and runs from point 3 to point 4 on the map in 
Figure B.7. Beginning from the driveway, this section ends just before the new pavement of the gas 
station.  
 
Figure B.7: Route of Section 3 
Source: Google Maps 
 
 
 Section 3 is 4 feet wide and is composed concrete with a lot of loose gravel as seen in 
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Figure B.8. The pavement is not uniform, containing multiple potholes, and gaps. There is various 
surface cracking along this entire section of pavement, and does therefore not meet ADA 
requirements. These conditions would restrict access to mobility limited persons. The buffer zone 
for this section at point 3 is 6 feet wide, slightly widening to approximately 6.5 feet at point 4.  
 
 
Figure B.8: Section 3 facing southeast 
 
  
 Slope 5, shown in Figure B.9, had a running slope of 2.8% and a cross slope of 0.8%; both 
measurements comply with ADA regulations.  
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Figure B.9: Slope 5 
Source: Google Maps 
 
 
Section 4 
Section 4 is approximately 210 feet long that stretches from point 4 to point 5 on the map in 
Figure B.10. The section starts from the edge of the parking lot by the crosswalk, ending in front of 
the Double Duty Duds store. 
 
Figure B.10: Route of Section 4 
Source: Google Maps 
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Section 4 has a width of 4 feet and is made of concrete. Continuing onwards of section 3, 
the walkway moves directly across the gas station lot where cars park and fill up. The sidewalk is 
not elevated, but level with the current road as seen below in Figure B.11. The conditions of the 
sidewalk are cracked with eroding concrete and asphalt. The current condition of the sidewalk does 
not comply with ADA regulations, and does not have a buffer zone between the sidewalk and the 
vehicular pavement.  
 
 
 
Figure B.11: Section 4 facing southeast 
 
 
 Slope 6, as seen in Figure B.12, was measured just next to the crosswalk leading into the 
gas station lot. The running slope was measured at 0.8% and a cross slope of 0.2%. Although these 
measurements meet ADA requirements, the physical conditions of this section simply are not safe 
or accessible for all pedestrians. Furthermore, the crosswalk located within this section failed to 
have curb cuts installed on both ends; this does not comply with ADA regulations. 
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Figure B.12: Slope 6 
Source: Google Maps 
 
Section 5 
 Section 5 stretches approximately 102 feet from point 5 to point 6 as seen in Figure B.13. 
The section begins after the Double Duty Duds store and ends at the nearest driveway. 
 
Figure B.13: Route of Section 5 
Source: Google Maps 
 
 
 92 
 
Section 5 has a width of 4 feet and is made of both concrete and asphalt. The physical 
characteristics of the walkway include potholes, loose gravel, and surface cracking can be seen in 
Figure B.14. Due to these conditions, this section does not comply with ADA regulation. The 
buffer zone at point 5 has a width of 6 feet, and increases to 7 feet wide at point 6. 
 
Figure B.14: Section 5 facing southeast 
 
 Within this section, both slopes 7 and 8 were measured and can be seen in Figure B.15. 
Slope 7 had a running slope of 0.1 % and a cross slope of 4.5 %. Slope 8 had a running slope of 
2.3% and a cross slope of 1.0%. The cross slope of slope 7 exceeds the allowable maximum cross 
slope and therefore does not comply with ADA regulations. 
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Figure B.15: Slope 7 and 8 
Source: Google Maps 
 
Section 6 
Section 6 is approximately 229 feet long that stretches from point 6 to point 7 on the map in Figure 
B.16. This section spans over two houses and ends across the street of light 5. 
 
Figure B.16: Route of Section 6 
Source: Google Maps 
 
 94 
 
Section 6 has a width of 4 feet and is made of asphalt. The pavement has minimal surface cracking 
and potholes, but is relatively continous without any obstacles as seen in Figure B.17 below. The 
current condition of this section is walkable, however, does not meet ADA requirements. The 
buffer zone has a width of 6 feet from point 6 to point 7.  
 
Figure B.17: Section 6 facing northwest 
 
 In section 6, slopes 9 and 10 were measured and can be seen in Figure B.18. The running 
slope for slope 9 was measured at 0.3% and a cross slope of 0.2%. Slope 10 had a running slope of 
2.2% and a cross slope of 3.9%. The cross slope for slope 10 exceeds the maximum allowable 
cross slope and does therefore not comply with ADA regulations. 
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Figure B.18: Slopes 9 and 10 
Source: Google Maps 
 
Section 7 
 Section 7 is aproximately 101 feet long and stretches from point 7 to point 8 as seen in 
Figure B.19. This section extends past two homes place side by side across the street from light 5. 
 
Figure B.19: Route of Section 7 
Source: Google Maps 
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Section 7 is 4 feet wide and is made of various materials such as concrete and asphalt. This section 
has severe surface cracking, uneven surfaces, and has vegetation sprouting through the gaps as seen 
in Figure B.20. This section does not comply with ADA regulations. The buffer zone for this 
section has a width of 6 feet from point 6 to point 7. 
 
Figure B.20: Section 7 facing southeast 
Source: Google Maps 
 
Slope 11 was measured within this section as seen in Figure B.21. It has a running slope of 1.7% 
and a cross slope of 1.5%. These measurements comply with ADA regulations; however, the 
physical condition of this section is beyond unacceptable for mobility restricted persons. 
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Figure B.21: Slope 11 
Source: Google Maps 
Section 8 
 Section 8 is approximately 233 feet long that stretches from point 8 to point 9 on the map in 
Figure B.22. This section has a width of 4 feet and is made of asphalt and concrete. This section 
has minimal surface cracking and vegetation growing through the gaps as seen in Figure B.23. This 
section does not comply with ADA regulations. The buffer zone has an initial width of 6 feet at 
point 8 and increases to 7 feet wide at point 9. 
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Figure B.22: Route of Section 8       Figure B.23 Section 8 facing southeast 
                   Source: Google Maps 
 
Slopes 12, 13, and 14 were measured within this section and can be seen in Figure B.24. Slope 12 
had a running slope of 0.6% and a cross slope of 1.6%. Slope 13 had a running slope of 0.4% and a 
cross slope of 1.75%. Slope 14 had a running slope of 0.8% and a cross slope of 0.1 %. These 
slopes all comply with ADA regulations, however, the section does not. 
 
Figure B.24: Slopes 12, 13, and 14 
Source: Google Maps 
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Section 9 
 Section 9 is approximately 126 feet long and stretches from point 9 to point 10 in Figure 
B.25. This section has a width of 4 feet and is made of asphalt and concrete. The conditions of this 
portion of pavement is poor; the surface is uneven with a lot of cracking and potholes present as 
seen in Figure B.26. This section does not comply with ADA regulations. The buffer zone is 7 feet 
wide at point 9 and 7 feet wide at point 10. 
 
 Figure B.25: Route of Section 9   Figure B.26: Section 9 facing southeast 
            Source: Google Maps 
 
 
Slope 15 was measured within section 9 and can be seen in Figure B.27. The measured running 
slope was 1.6% and the cross slope was 0.3%. These results comply with ADA regulations, 
however, the section does not. 
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Figure B.27: Slope 15 
Source: Google Maps 
Section 10 
 Section 10 is approximately 144 feet long and stretches from point 10 to point 11 in Figure 
B.28. This section has a width of 4 feet and is made of a both asphalt and concrete. Some portions 
of this section are continuous without any cracks present. However, as seen in Figure B.29, other 
portions of this section do have surface cracks and large gaps. Therefore, this section does not meet 
ADA requirements. The buffer zone had a width of 7 feet at point 10, and decreased to a width of 5 feet at  
point 11.  
 
 
 Figure B.28: Route of Section 10                         Figure B.29: Section 10 facing southeast 
  Source: Google Maps 
 
Slope 16 was measured within this section as seen in Figure 4.30. The running slope was 1.4% and 
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the cross slope was 1.4%. The slopes comply with the ADA regulations; however, the section still 
does not comply.  
 
Figure B.30: Slope 16 
Source: Google Maps 
Section 11  
Section 11 is approximately 119 feet long that stretches from point 11 to point 12 in Figure 
B.31. This section has a width of 4 feet and is made of concrete. This section has large cracks and 
an uneven surface as seen in Figure B.32. Even though this section of sidewalk does not have 
excessive cracking or potholes, it still does not meet ADA requirements. The buffer zone had a 
width of 5 feet at point 11 and a width of 7.5 feet at point 12. 
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Figure B.31: Route of Section 11 
Source: Google Maps 
 
 
 
Figure B.32: Section 11 facing south east 
 
 Slope 17 was measured in this section as seen in Figure B.33. The running slope was 2.4% 
and the cross slope was 0.1 %. These slopes do comply with ADA regulations, however, the 
section does not. 
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Figure B.33: Slope 17 
Source: Google Maps 
Section 12 
 Section 12 is approximately 145 feet and stretches from point 12 to 13 in Figure B.34. This 
section begins as the entrance of the public parking lot, and ends in front of the library. 
 
Figure B.34: Route of Section 12 
Source: Google Maps 
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This section has a width of 4 feet and is made of concrete as seen in Figure 4.35. The pavement is 
continuous without any obstacles, cracks, or potholes. Slopes 18 and 19 have been measured in this 
section and can be seen in Figure 4.36. Slope 18 has a running slope of 2.4% and a cross slope of 
0.1%. Slope 19 has a running slope of 1.0% and a cross slope of 0.6%. Finally, because this section 
passes an intersection, curb cuts are present with a running slopes and flared slopes that comply 
with ADA regulations; these curb cuts can be seen in Figures B.37 and B.38. However, there is a 
crosswalk present in this section that does not have curb cuts present on either side, therefore this 
section does not comply with ADA regulations. The buffer zone has a width of 7.5 feet at point 12 
and 7.5 feet at point 13  
 
 
Figure B.35: Section 12 facing south        Figure B.36: Slopes 18 and 19 
     Source: Google Maps   
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Figure B.37: Curb cut 3 
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Figure B.38: Curb cut 4 
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Section 13 
 Section 13 stretches approximately 257 feet from point 13 to point 14 in Figure B.39. This 
section has a width of 4 feet and is made of asphalt and concrete. There is a lot of uneven surface, 
cracking, gaps. Referring to Figure B.40, these characteristics can be seen. Due to the physical 
characteristics of the pavement, this section does not comply with ADA regulations. The buffer 
zone has an initial width of 7.5 feet at point 13 and increases to 10 feet at point 14.  
    
 Figure B.39: Route of Section 13                          Figure B.40: Section 13 facing south 
        Source: Google Maps 
 
Slopes 20 and 21 were measured in this section and can be seen in Figure B.41. Slope 20 had a 
running slope of 1.0% and a cross slope of 0.6%. Slope 21 had a running slope of 1.1% and a cross 
slope of 1.1%. In addition to slopes, a cross walk is present in front of the school. However, there is 
no curb cut present on either side, not complying to the ADA regulations.  
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Figure B.41: Slopes 20 and 21 
Source: Google Maps 
Section 14 
 Section 14 is approximately 78 feet, stretching from point 14 to point 15 in Figure B.42. 
This section of pavement does not have a designated sidewalk, but rather a large opening in front 
of a storefront made of asphalt. As seen in Figure B.43, this area is comprised of an uneven surface 
with cracking. This section does not comply with ADA regulations. There is no buffer zone 
provided for this section.  
 
Figure B.42: Route of Section 14 
Source: Google Maps 
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Figure B.43: Section 14 facing south 
 
Slope 22 was measured in this section in Figure B.44. Slope 22 had a running slope of 1.9% and a 
cross slope of 1.9%. These slopes comply with ADA regulations, however, the section does not.  
 
 
Figure B.44: Slope 22 
Source: Google Maps 
 
Section 15 
 Section 15 is approximately 382 feet, stretching from point 15 to point 16 in Figure B.45. 
This section begins at Brigham Street and ends in front of the US post office. As seen in Figure 
B.46, this whole section did not have any pavement placed and no slopes were measured. 
Therefore, this section does not comply with ADA regulations 
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Figure B.45: Route of Section 15 
Source: Google Maps 
 
 
Figure B.46: Section 15 facing north 
Section 16 
Section 16 is approximately 132 feet, stretching from point 16 to point 17 in Figure B.47. 
This section has a width of 3 feet and is made of asphalt. As seen in Figure B.48, the surface has 
crack, and loose gravel making walkability and accessibility difficult for mobility limited persons. 
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Therefore, this section does not meet ADA requirements. The buffer zone has a width of 8 feet at 
point 16 and 8 feet at point 17. 
 
              Figure B.47: Route of Section 16    Figure B.48: Section 16 facing north 
          Source: Google Maps 
 
Slopes 23 and 24 were measured in this section in Figure B.49. Slope 23 had a running slope of 
0.3% and a cross slope of 1.8%. Slope 24 had a running slope of 3.0% and a cross slope of 1.2%. 
These slopes comply with ADA requirements, however, the section does not. 
 
Figure B.49: Slopes 23 and 24 
Source: Google Maps 
 
 112 
 
Section 17 
 Section 17 is approximately 70 feet, stretching from point 17 to point 18 in Figure B.50. 
This section is a private parking for a local business, therefore there is no marked off sidewalk as 
seen in Figure B.51. The current pavement is made of asphalt with minimal cracking. There is no 
buffer zone or slopes recorded in this section. 
 
        Figure B.50: Route of Section 17          Figure B.51: Section 17 facing south 
  Source: Google Maps 
 
4.1.18 Section 18  
 Section 18 is approximately 400 feet, stretching from point 17 to point 18 in Figure B.52. 
This section has a width of 4 feet and is made of asphalt. Certain portions of this section do not 
have cracking or potholes present. However, other portions of the pavement contain uneven 
surfaces, cracking and potholes as seen in Figure B.53. This section does not comply with ADA 
regulations. The buffer zone has an initial width of 4.5 feet at point 18 and increases to 8 feet wide 
at point 19. 
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       Figure B.52: Route of Section 18                Figure B.53: Section 18 facing north 
           Source: Google Maps 
 
Slopes 25, 26, 27, 28, and 29 were measured in this section in Figure B.54. Slope 25 has a running 
slope of 0.3% and a cross slope of 0.7%. Slope 26 has a running slope of 2.3% and a cross slope of 
0.7%. Slope 27 has a running slope of 3.7% and a cross slope of 2.6%. Slope 28 has a running 
slope of 2.8% and a cross slope of 2.6%. Slope 29 has a running slope of 2.9% and a cross slope of 
3.5%. The cross slopes of slopes 27, 28, and 29 exceed the maximum allowable slope. Therefore, 
these slopes do not comply with ADA requirements.  
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Figure B.54: Slopes 25, 26, 27, 28, and 29 
Source: Google Maps 
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Parking Results 
 
 
Table B.1: Parking Lot 1 Inventory – 12/07/2016 (Wednesday) 
 
 
 
  
Street Main Side Study Date 12/7/2016
Data Collector Alex From 2:15 PM To 4:15 PM
Space Number 0 30 60 90 120 0 30 60 90 120 Turn over
1
2
3
4 ZY6 ZY6 1 1 1
5
6 652 652 652 652 1 1 1 1 1
7 E70 E70 E70 E70 1 1 1 1 1
8
9
10 676 676 1 1 1
11
12
13
14
15
16
17
18 491 1 1
19 698 1 1
20
21 740 740 740 740 740 1 1 1 1 1 1
22 789 789 789 789 1 1 1 1 1
23 JF8 1 1
24
25
26 SH5 SH5 SH5 SH5 SH5 1 1 1 1 1 1
27
28
29
30 308 1 1
31 558 558 558 558 558 1 1 1 1 1 1
32 FP3 FP4 1 1 2
33 IJM IJM IJM IJM IJM 1 1 1 1 1 1
34
35
36
37
38
39 314 1 1
40 N70 N70 N70 N70 N70 1 1 1 1 1 1
41
42 767 767 767 1 1 1 1
43 WT8 WT8 WT8 WT8 1 1 1 1 1
44 J43 J43 J43 J43 1 1 1 1 1
11 10 8 8 6 0.41
0.28 0.26 0.21 0.21 0.15
Accumulation 
Time Count
Occupancy
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Table B.2: Parking Lot 1 Inventory – 12/09/2016 (Friday) 
 
 
  
Street Main Side Study Date 12/9/2016
Data Collector Alex From 8:20 AM To 11:50 AM
Space Number 0 30 60 90 120 150 0 30 60 90 120 150 Turnover
1
2
3 300 300 300 300 300 300 1 1 1 1 1 1 1
4 ZYS ZYS ZYS ZYS ZYS ZYS 1 1 1 1 1 1 1
5
6
7 893 1 1
8
9
10
11 M08 M08 M08 M08 M08 M08 1 1 1 1 1 1 1
12
13 5AZ 5AZ 5AZ 5AZ 5AZ 5AZ 1 1 1 1 1 1 1
14
15
16
17
18
19
20
21
22 994 652 712 712 1 1 1 1 3
23 A70 789 789 789 789 1 1 1 1 1 2
24 AX6 MA9 1 1 2
25
26 670 670 670 670 1 1 1 1 1
27
28
29 WVR WVR WVR N52 N52 1 1 1 1 1 2
30 153 153 WVR WVR 1 1 1 1 2
31 FP3 FP3 FP3 FP3 FP3 FP3 1 1 1 1 1 1 1
32 558 558 558 558 558 558 1 1 1 1 1 1 1
33 IJM IJM IJM IJM IJM IJM 1 1 1 1 1 1 1
34 IKW IKW IKW IKW IKW IKW 1 1 1 1 1 1 1
35
36
37 YDA 1 1
38 AD0 AD0 AD0 AD0 AD0 AD0 1 1 1 1 1 1 1
39
40
41
42
43 767 767 767 767 767 767 1 1 1 1 1 1
44 1
11 13 13 13 15 15 0.59
0.28 0.33 0.33 0.33 0.38 0.38
Time (min) Count
Accumulation
Occupancy
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Table B.3: Parking Lot 1 Inventory – 12/11/2016 (Sunday) 
 
 
 
 
 
Street Main Side Study Date 12/11/2016
Data Collector Alex From 10:50 AM To 11:50 AM
Space Number 0 30 60 0 30 60 Turnover
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19 834 834 834 1 1 1 1
20
21
22
23
24
25
26
27
28
29
30 WVR WVR WVR 1 1 1 1
31
32
33
34
35
36
37
38
39
40
41
42
43
44
2 2 2 0.05
0.05 0.05 0.05Occupancy
Time (min) Count
Accumulation
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Table B.4: Parking Lot 2 Inventory – 12/11/2016 (Sunday) 
 
 
  
Street Main Side Study Date 12/11/2016
Date Collector Alex From 10:50 To 11:50
Space Number 0 30 60 0 30 60 Turnover
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38 623 623 1 1 1 1
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
1 1 1 0.02
0.02 0.02 0.02
CountTime
Accumulation
Occupancy
 119 
 
 
 
Figure B.55: Map of Parking Lot 1 
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Figure B.56: Map of Parking Lot 2 
 
 
 
Figure B.57: Map of Parking Lot 3 
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Appendix C: Town Center Survey  
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Appendix D: Request for Proposal  
 
 
 
 
 
Town of Hubbardston 
Request for Qualifications for 
Designer Services 
The Town of Hubbardston, Massachusetts, invites qualified applicants to submit proposals to 
provide Designer Services for the design of the reconstruction of the Main Street section of 
Route 68 in Hubbardston's Town Center. All applicants must submit their proposals in 
conformance with the Request for Qualifications documents which are available in the Town 
Administrator's Office at 7 Main Street, Unit 3, Hubbardston MA; open Mon — Thurs 8:30 am 
to 4:00 pm. Proposals must be received by 2:00 p.m. on Thursday, November 10, 2016 in the 
Town Administrator's Office at 7 Main Street, Hubbardston MA. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Hubbardston MA DESIGNER RFQ 
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Town of Hubbardston 
Request for Qualifications for 
Designer Services 
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I. General Information and Submission Requirements…………………………..2 
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1. General Information 
 
The Town of Hubbardston, Massachusetts, invites qualified applicants to submit proposals to 
provide Designer Services for the design of the reconstruction of the Main Street section of Route 
68, from Brigham Street to Williamsville Road. All applicants must submit in conformance with 
the Request for Qualifications documents which are available in the Town Administrator's Office 
at 7 Main Street, Unit 3, Hubbardston MA; open Mon — Thurs 8:30 am to 4:00 pm. Proposals 
must be received by 2:00 p.m. on Thursday, November 10, 2016 in the Town Administrator's 
Office at 7 Main Street, Hubbardston MA. 
The project consists of assisting the Town with the following: Providing engineering services to 
prepare a schematic design for the reconstruction of Route 68 from Brigham Street to Williamsville 
Road in Hubbardston, Massachusetts (hereby referred to as 'the Town') with the possibility of 
extending sidewalks to the existing recreation field and site of a future Senior Center. The schematic 
design will include roadway, sidewalk, lighting, and parking improvements. In addition, there will 
be assistance from university students at Worcester Polytechnic Institute (WPI). 
Note: The Town intends to award a single Prime Contract for design services which may include or 
require specialty design services. Submissions received by teams indicating Joint Ventures shall be 
reviewed as a single submission. The Awarding Authority reserves the right to extend design 
services as required or funded for a period of three (3) years, with two (2) one (1) year renewals. 
Submission Deadline & Instructions 
 
Sealed proposals shall be received until 2:00 p.m. on Thursday, November 10, 2016 in the Town 
Administrator's Office at 7 Main Street, Hubbardston MA, and must include the Designer Selection 
Board application form (Appendix A). Proposal must be in a sealed envelope marked "DESIGNER 
Services for Hubbardston" with the applicant's name and address. Applicants must also execute 
and include in the sealed submission the Certificate of Non-Collusion and Certificate of Tax 
Compliance included in this RFQ, as required by law. Proposers should provide one (1) signed 
original proposal and five (5) copies of the proposal. The Town reserves the right to accept any 
proposal in whole or in part, and to reject any and all proposals if it shall be deemed in the best 
interests of the Town to do so. 
The Town intends to negotiate the fee for work with the chosen proposer as a lump sum including 
all direct expenses; following agreement on a final scope of work. The selected Designer will 
execute the Town's Standard Contract. The Town has appropriated the sum of $20,000 for the 
schematic design services requested. 
Proposals must be signed as follows: 1) if the proposer is an individual, by her/him personally; 2) if 
the proposer is a partnership, by the name of the partnership, followed by the signature of each 
general partner; and 3) if the proposer is a corporation, by the authorized officer, whose signature 
must be attested to by the Clerk/Secretary of the corporation and the corporate seal affixed. 
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If, at the time of the proposal submission deadline, Town Offices are closed due to uncontrolled 
events such as fire, snow, ice, wind, or building evacuation, the deadline will be postponed until 
2:00 p.m. on the next normal business day. Proposals will be accepted until that date and time. 
   A  Questions, Addendum or Proposal Modification 
Questions concerning this Request for Qualifications must be submitted in writing to: Raeanne 
Siegel, Town Administrator, Town Offices, 7 Main Street, Unit 3, Hubbardston MA 01452; 
admin@mbbardstonma.us. Only those inquiries received five or more days prior to the submittal 
deadline will be considered. Questions may be hand delivered, mailed, or emailed. Written 
responses, if issued, will be mailed or emailed to all proposers on record as having received the 
RFQ. 
If any changes are made to this RFQ, an addendum will be issued. Addenda will be emailed, mailed 
or faxed to all proposers on record as having received the RFQ. 
All proposals submitted in response to this RFQ shall remain firm for ninety (90) days following 
the proposal opening. The contract will be awarded, if at all, within ninety (90) days after the 
opening. The time for award may be extended for up to forty-five (45) additional days by mutual 
agreement between the Town and the highest ranked proposer. 
An applicant may correct, modify, or withdraw a proposal by written notice received by the Town 
prior to the time and date set for the opening. Proposal modifications must be submitted in a sealed 
envelope "DESIGNER Services for Hubbardston" with the applicant's name and address, and 
clearly labeled "Modification No._.” Each modification must be numbered in sequence, and must 
reference the original RFQ. 
After the opening, an applicant may not change any provision of the proposal in a manner 
prejudicial to the interests of the Town or fair competition. Minor informalities will be waived or 
the applicant will be allowed to correct them. 
  B. Pre-proposal Conference 
A voluntary pre-proposal conference will be held on November 1, 2016 at the Slade Building, 
Town Administrator's Office, 7 Main Street, Unit 3, and Hubbardston, MA 01452. 
  II. Project Background 
 
Within the Town, many facilities such as the library, community center, police station, post office 
and elementary school are placed within a few hundred feet of each other. Due to their layout, 
morning and evening rush hour creates many safety concerns; for instance emergency vehicles 
needing to pass through the school zone are often blocked by traffic congestion and pedestrians 
crossing the road. In addition, there are safety concerns for pedestrians and bicyclists as sidewalks 
are discontinuous and in poor condition. Bicyclists are forced to ride along the road without 
properly marked bike lanes. Furthermore, much of the sidewalk along the road does not meet proper 
Americans with Disabilities Act (ADA) requirements and a lack of street lights along Main Street 
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restricts visibility for both drivers and pedestrians. It will also be important to consider specifying 
improvements to on-street parking and the configuration of the municipal lot. 
  III. Scope of Services 
The scope of this project shall include a schematic design for the reconstruction of the roadway 
addressing pavement, drainage, curb cuts, signage and lighting in accordance with ADA 
requirements. In addition, the roadway will be designed for use by all modes of traffic, including 
passenger cars, heavy vehicles, bicyclists, and pedestrians. The consultant(s) will be asked to 
provide a cost analysis of all elements of the schematic design as well as provide oversight and 
inclusion of the student volunteers from WPI. 
The final scope of services to be included under the designer contract(s) will be subject to 
negotiation with the Town. The following tasks are such items as are expected to be included in 
the scope of services for the phases of the project: 
Town Center Design: 
A. Schematic Design: Development of schematic design plans and renderings which 
demonstrate a layout and design to meet the objectives described above. 
B. Design Development: Discussion with the Town Center Committee pertaining to the level 
of effort that will eventually be required to prepare plans and specifications for the 
reconstruction of the Town Center elements described in this RFQ, and preliminary project 
cost estimates, in compliance with the requirements of M.G.L. c. 30, S. 39M and all other 
applicable laws and regulations. 
C. All Phases: Attend meetings with the "Town Center Committee. Number of meetings 
expected to be up to 2. 
  IV   Requirements for Application 
Each applicant must submit a written Application on the Designer Selection Board application 
form, a copy of which is attached. Entities submitting as a Joint Venture shall submit separate and 
complete DSB forms for each firm named. The following information is specifically required: 
1. Name and address of applicant. 
2. Brief resume of principals and of the staff to be assigned to the Project. 
3. A summary of hourly billing rates as applicable. 
4. List of completed projects that would best illustrate qualifications for the Project. 
References must be included. 
5. List of all ongoing projects with anticipated schedule(s) for completion. 
6. Names and qualifications of engineers and other consultants that may be used for the 
Project, along with a summary of hourly billing rates, if applicable. 
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7. Statement of the scope and type of services proposed for the Project. The applicant 
should describe the process and methodology to be used in the completion of services 
with specific reference to examples of similar projects in which this methodology has 
been used. 
8. Proposed work plan and schedule which reflects a possible timetable for completion of 
the Project. (It is understood that the project timeframes are dependent on Town 
Meeting actions.) 
9. Statement of any legal or administrative proceedings pending or concluded adversely 
to the applicant within the past five (5) years which relate to the applicant's performance 
of this type of work. 
10. Statement of Insurance coverage including: General Liability, Errors and Omissions, 
Workers' Compensation per Article VIll, below. Certificates of Insurance will be 
required from the selected consultant as part of the contractual obligations. 
11. Evidence of financial stability. 
 V.  Minimum Qualifications 
Each applicant must demonstrate that it meets the following minimum qualifications: 
A. Minimum of five years experience in the design and renovation of public projects of a similar 
nature for the principals assigned to the project, including work with historic buildings in 
Massachusetts. In documenting this qualification, the applicant should describe the 
professional background of the firm and the extent of previous experience of firm personnel 
or consultants to be assigned to the project and identify the anticipated role that each will play 
in the project. 
B. Knowledge of, and experience in, legal and administrative requirements, procedures, and 
practices related to the design, funding and construction of Massachusetts public works and 
building projects, including the State Building Code, regulations of the Architectural Access 
Board and Massachusetts public construction and procurement law. 
C. Possess all necessary current licenses and registrations, either within the firm or through 
independent consultants, to qualify under Massachusetts law to perform the design services 
for the Project. 
D. Provide evidence of insurance as described in Section VIll. 
E. Provide detailed description of at least two recent similar projects on which the Principal 
Engineer has performed similar services, identifying references with the owners of those 
projects as well as the personnel who worked on them and stating whether those individuals 
will be assigned to the Project. 
F. Not be debarred under M.G.L. c. 149, sec. 44C or disqualified under M.G.L. c. 7C, sec. 51. 
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VI.  Comparative Criteria 
The Awarding Authority will make further review of all Applications found to be responsive 
and check such references as may be appropriate. This further review will be based upon the 
following comparative criteria: 
1. Experience designing similar Town Center revitalization projects in Massachusetts 
communities. 
2. Proposed approach to the Project which will minimize the Designer costs while 
ensuring high quality standards and maximize efficiency 
3. Prior successful experience with similar projects (as determined by references). 
4. Quality of past Designer work of all phases, as well as project bidding (as 
determined by references). 
5. Reliability in cost estimating for public sector construction projects including the 
estimate to low bid price and bid price to final construction cost 
6. Ability to work with multiple and varied Town committees, officers, architects, 
engineers and contractors. 
7. Record of providing construction administration services for projects that are 
completed as designed, on time and within budget, and the degree of satisfaction 
of the owner. 
8. Depth and breadth of experience and qualifications for personnel to be assigned to 
the Project. 
9. Identity and qualifications of any engineers or other consultants whom the applicant 
proposes to employ to assist in the Project 
10. Demonstrated capacity of the applicant in terms of staffing and resources to handle 
the proposed project schedule and deadlines 
The Town may request that one or more applicants provide additional information during the 
evaluation process to permit a complete evaluation process. Based upon the minimum and 
comparative criteria contained in this RFQ, the Town will attempt to select no fewer than three 
proposers to interview as finalists. The finalists will then be ranked and a recommendation will 
be made to the Town Administrator for award of the contract. If the Town is unable to negotiate 
a contract, including the fee, with the top-ranked finalist, the Town will then commence 
negotiations with the next ranked finalist and so on, until a contract is successfully negotiated, 
and approved by the Town Administrator. 
Note: The chosen applicant shall be an agent of the Town and as such will be responsible for 
compliance with all state ethics laws. 
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VIl.      Non-Collusion Form and Tax Compliance Form 
(MUST BE SUBMITTED WITH PROPOSAL) 
Applicants submitting a bid or proposal to provide supplies or services to the Town, or to 
purchase supplies from the Town, must complete and submit the following certification of non-
collusion and tax compliance with the bid or proposal. 
CERTIFICATE OF NON-COLLUSION 
The undersigned certifies under penalties of perjury that this bid or proposal has been made and 
submitted in good faith and without collusion or fraud with any other person. As used in this 
certification, the word "person" shall mean any natural person, business, partnership, 
corporation, union, committee, club, or other organization, entity, or group of individuals. 
 
Signature of individual submitting bid or proposal 
 
Name of business 
TAX COMPLIANCE CERTIFICATION 
Pursuant to M.G.L. c. 62C, S49A, I certify under the penalties of perjury that, to the best of my 
knowledge and belief, the within named proposer is in compliance with all laws of the 
Commonwealth relating to taxes, reporting of employees and contractors, and withholding and 
remitting child support. 
 
Signature of person submitting bid or proposal 
 
Name of business 
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Vlll. Additional Contract Terms and Conditions 
A. The DESIGNER must have all necessary insurances as provided below: 
• General Liability of at least $1,000,000 Bodily Injury and Property 
 Damage Liability, Combined Single Limit with a $3,000,000 Annual 
 Aggregate Limit. 
• Automobile Liability (applicable for any contractor who has an 
 automobile operating exposure) of at least $1,000,000 Bodily Injury and 
 Property Damage per accident. 
• Workers' Compensation Insurance as required by law. 
• Professional Liability Errors and Omissions of at least 
  
• Umbrella Liability of at least $1,000,000/ occurrence, 
 aggregate. 
B. Copies of all plans and reports created as a result of the scope of services contained in 
this RFQ shall be provided to the Town in an electronic format acceptable to the 
Awarding Authority. The Town shall own all rights to any reports, plans and materials 
produced for the project by the selected applicant. 
C. The selected Designer firm shall execute the Town's Standard Contract for Designer 
Services within ten (10) days of the notice of award. 
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Appendix E: The Engineering Corp. Final Design Color Graphic  
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